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Introduction

Calciphylaxis or calcific uremic arteriolopathy is a severe compli-
cation of advanced chronic kidney disease (CKD) and other risk 
factors, including female gender, Caucasian race, obesity, diabe-
tes mellitus, systemic autoimmune and liver diseases, elevated 
levels of calcium-phosphate product, hypercoagulable diseases, 
and therapy with calcium and vitamin D analogues, warfarin, cor-
ticosteroid drugs, and immunosuppressive drugs (1).

It is uncommon, occurring in 1 to 4.5% of patients on renal re-
placement therapy (2). The pathogenesis is poorly understood. 
Calcium and phosphorous imbalance are considered to provoke 
calcification of small and medium-sized arterioles in the dermis 
and subcutaneous tissue, leading to mural inflammation, throm-
bosis, fibrosis, and ischemia. Clinically, it presents with tender 
erythematous papules, nodules, and plaques. Gradually, it pro-
gresses into a livedoid and stellate pattern with possible necrosis 
and extremely painful ulcers, predisposing the patient to infec-
tions and sepsis (3–6).

The treatment conventionally consists of local wound manage-
ment, correction of risk factors, and correction of factors that de-
lay healing, such as infection, anemia, and hypoxia. The reported 
mortality is 50 to 80% after 1 year and is due to infection, organ 
failure, severe pain, and adverse effects of treatment (7–9).

Case report

A 72-year-old female patient presented with necrotic ulcers on 
both shins and thighs, developing into large livedoid subcutane-
ous plaques. The skin lesions were progressively increasing in 
size and pain, rating 9/10 on the visual analog scale (VAS) for 1 to 
2 months (Fig. 1). She had an end-stage renal disease (ESRD) on 

treatment with on-line post-dilution hemodiafiltration (HDF) for 5 
years, secondary hyperparathyroidism, chronic atrial fibrillation, 
ischemic heart disease with past myocardial infarction, dyslipi-
demia, asthma, osteoporosis, depression, and a past venous ulcer 
of the right leg. Her medications included warfarin, carvedilol, 
perindopril, methyldigoxin, sevelamer, cinacalcet, tizanidine, ro-
suvastatin, pantoprazole, sertraline, bromazepam, tramadol, and 
paracetamol.

On admission several laboratory values were outside the normal 
range (reference ranges in brackets): C-reactive protein 38 mg/l (< 
5), erythrocyte sedimentation rate 72 mm/h (< 10), creatinine 426 
µmol/l (49–90), gamma-GT 4.7 µkat/l (< 0.63), urea 10.1 mmol/l 
(2.8–7.5), S-sodium 133 mmol/l (135–145), S-potassium 6.0 mmol/l 
(3.5–5.3), S-chloride 95 mmol/l (97–110), S-phosphate 1.6 mmol/l 
(0.84–1.45), and intact parathyroid hormone 188.9 ng/l (15–65). 
The findings for serum calcium, albumin, anti-nuclear antibodies,
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Figure 1 | Necrotic ulcers on both shins with livedo racemosa on the periph-
eral skin. Large and hard subcutaneous plaques are located on the shins and 
thighs (Alen Jovic, Department of Dermatovenerology, Maribor University Medi-
cal Center).
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extractable nuclear antigen panel, cryoglobulins, complement C3 
and C4, rheumatoid factor, antiphospholipid antibodies, protein 
C, and protein S were normal. No mutation of the Leiden V factor 
was found. Duplex ultrasound showed insufficiency of the small 
saphenous vein and great saphenous vein branches on the right 
shin and insufficiency of the great saphenous vein on the distal 
part of the left shin. Severe calcinosis of the arteries was noted. 
However, no hemodynamically significant stenosis of lower ex-
tremity arteries was detected. Radiographic imaging of both shins 
demonstrated moderate skin calcifications (Fig. 2). A 4 mm punch 
biopsy was taken from the margin of the leg ulcer and sent for 
histopathological examination, which confirmed the diagnosis of 
calciphylaxis (Fig. 3).

Initial management included discontinuation of therapy with 
warfarin and initiation of low-molecular-weight heparin therapy. 
The dose of sevelamer and cinacalcet was modified according to 
the levels of serum calcium, phosphate, and parathyroid hormone. 
HDF sessions were prolonged, and a dialysate with low calcium 
concentration (1.25 mmol/l) was used. High-flow oxygen therapy 
(10 l/min of oxygen through a 40% Venturi mask for 90 minutes 
daily) was administered. The pain was initially addressed with 
metamizole and oxycodone, which were later exchanged for a bu-
prenorphine transdermal patch. Due to the burning character of 
the pain, pregabalin was added. Off-label treatment with sodium 
thiosulfate (STS) was initiated with one intralesional application 
of STS (10 ml of 250 mg/ml STS solution was injected into calcified 
plaques on the patient’s right shin). Afterward, intravenous treat-
ment with STS was implemented (25 mg of STS diluted in 100 ml 
of 0.9% sodium chloride intravenously during the last 60 minutes 
of every HDF session, three times weekly). After 3 weeks (nine ap-
plications of intravenous STS), a significant improvement of the 
skin lesions and a decline in laboratory inflammatory parameters 
and pain (VAS 3/10) were noted.

Two weeks after admission, the patient developed clinical 
and laboratory signs of cellulitis on her right shin. Empirical oral 
therapy with amoxicillin/clavulanic acid in combination with 
ciprofloxacin was initiated after consultation with an infectolo-
gist. Due to worsening of local status, it was changed after 6 days 
for intravenous antibiotic therapy with piperacillin/tazobactam 
according to wound swab results (Escherichia coli, Enterococcus 
faecalis and faecium, Klebsiella pneumoniae, and Achromobacter 
sp.) and continued for 14 days. Three months after admission, the 
cellulitis on her right shin recurred and responded to treatment 
with intravenous amoxicillin/clavulanic acid for 14 days.

Careful local wound care was performed by skilled doctors 
and nurses from the dermatology department: cleaning with 
antiseptic soaps and solutions; autolytic debridement with hy-
drogels; hydrocolloid and silver alginate dressings; conservative 
sharp debridement of necrotic tissue by using a scalpel, scissors, 
and curette; and compression with long- and later short-stretch 
bandages due to accompanying edema. After 8 months of multi-
disciplinary management, complete healing of the leg ulcers was 
achieved (Fig. 4). Significant improvement in the patient’s physi-
cal and psychological condition was observed during treatment.
At the last follow-up 5 months after the healing of all ulcers, the 
patient had no signs of calciphylaxis.

Figure 2 | Radiographic imaging of both shins, demonstrating moderate skin 
calcifications (Department of Radiology, Maribor University Medical Center).

Figure 3 | Histopathological examination of a skin biopsy taken from the edge 
of ulceration, showing characteristic calcification, thrombosis, and fibro-inti-
mal hyperplasia of dermal and subcutaneous arterioles (Institute of Pathology, 
Faculty of Medicine, University of Ljubljana).

Figure 4 | Completely healed ulcers and dissolved subcutaneous plaques on the 
shins after 8 months of multidisciplinary treatment of advanced uremic calci-
phylaxis (intravenous sodium thiosulfate, regulation of calcium and phosphate 
homeostasis, discontinuation of warfarin, analgesia, treatment of cellulitis, 
and careful wound care; Vesna Breznik, Department of Dermatovenerology, 
Maribor University Medical Center).
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Discussion

Deposition of insoluble calcium salts in the tissue, cutaneous cal-
cinosis (CC), can be caused by various diseases. It is divided into 
five types: dystrophic, metastatic, idiopathic, and iatrogenic CC, 
and calciphylaxis (10). The most severe form of CC is calciphylax-
is, which is an obliterative vasculopathy that causes ischemia and 
necrosis of the skin, subcutaneous fat, and other organs. Most of-
ten it develops in patients with advanced renal disease and rarely 
in the absence of it (uremic and nonuremic calciphylaxis) (1).

The patient presented had several risk factors for calciphy-
laxis: ESRD on HDF, female gender, Caucasian race, therapy with 
warfarin, and secondary hyperparathyroidism with elevated lev-
els of serum calcium and phosphate. Our patient was on HDF for 
5 years before the development of calciphylaxis, and the longer 
patients are on hemodialysis (HD), the higher the likelihood of 
calciphylaxis (7). Several authors have reported correlation with 
a higher prevalence of calciphylaxis in patients on warfarin ther-
apy, as was our patient. She first noticed signs of calciphylaxis 
1 to 2 months prior to the diagnosis and initiation of treatment. 
Due to a relatively low incidence and progressive clinical course 
of the disease, diagnosis is often delayed (1). Distal calciphylaxis 
(located distally to the knees) is considered prognostically better 
than proximal (1). The patient presented with necrotic ulcers on 
the shins and extensive subcutaneous plaques on the medial part 
of the left thigh. Thus, a combination of distal and proximal calci-
phylaxis was observed. Due to the presence of ulcerative lesions, 
the prognosis was even poorer, with a reported mortality rate as 
high as 80% (11).

Due to the high prevalence of generalized atherosclerosis in 
CKD patients (12), duplex ultrasound examination was performed 
in this patient, but it did not confirm peripheral artery disease. 
Ultrasonographic signs of superficial peripheral venous insuffi-
ciency were found; however, painful eschars on the lower extremi-
ties are not characteristic of venous ulcers. Several other diseases 
can mimic calciphylaxis clinically: vasculitis, superficial thrombo-
phlebitis, purpura fulminans, warfarin necrosis, Martorell ischem-
ic hypertensive ulcer, pyoderma gangrenosum, cholesterol embo-
lization, oxalate vasculopathy, antiphospholipid syndrome, and 
nephrogenic systemic fibrosis (8, 13). Extensive laboratory evalu-
ation and histopathological examination confirmed a definitive 
diagnosis of calciphylaxis. A biopsy is the gold standard diagnos-
tic procedure in calciphylaxis. Nevertheless, according to a recent 
study, the majority of patients (57%) are diagnosed clinically (14).

The treatment of calciphylaxis is usually multidisciplinary, 
involving a nephrologist, dermatologist, wound care nurses, and 
other specialists (15). Measures of conventional treatment (7–9) 
were implemented in this patient: therapy with warfarin was 
discontinued, serum calcium, phosphorus, and parathyroid hor-
mone levels were kept near normal values with cinacalcet and 
sevelamer, HDF sessions were prolonged, a dialysate with low 
calcium was used, and targeted systemic antibiotic treatment of 
cellulitis was administered. Analgesia is one of the most challeng-
ing aspects of calciphylaxis treatment because of the severity and 
complexity of the pain, which is thought to be ischemic in origin 
with a neuropathic component. Multimodal analgesia with high-
dose opioids and benzodiazepines was used effectively in the pa-
tient (16). The aim of wound care is to control exudate, remove 
necrotic devitalized tissue, prevent infection, and improve wound 
healing. Surgical debridement has been used by some physicians 
(14, 17), whereas other researchers are more in favor of a con-

servative wound approach (19). Some alternative treatments for 
calciphylaxis have been described, such as therapy with bispho-
sphonates (18), low-dose tissue plasminogen activator infusions, 
LDL-apheresis, vitamin K, hyperbaric oxygen, kidney transplan-
tation, and STS (8).

STS (also named sodium hyposulfite, chemically Na2O3S2 or 
Na2S2O3) is the most common drug being used off-label to treat 
calciphylaxis, primarily used for the treatment of cyanide poison-
ing and urolithiasis, and as nephroprotection during cisplatin 
administration. The mechanisms of STS action are not clear. STS 
induces calcium removal through chelation and prevents crystal 
formation and vascular calcification. It also exhibits antioxidative 
and vasodilation properties, which may contribute to a rapid reso-
lution of the symptoms (19, 20).

Various modes of STS application in calciphylaxis have been 
reported: intravenous, intravenous during HD sessions, oral, in-
traperitoneal, intralesional, and topical. The optimal dose, regi-
men, and duration of treatment have not yet been established (4, 
5). Recent systematic reviews of treatment of uremic calciphylaxis 
with systemic STS have reported a significantly lower overall mor-
tality rate of 38 to 50% (4, 21), compared to a 50 to 80% mortality 
rate after conventional treatment (8, 9). STS has several possible 
adverse effects, the most common ones reported being nausea, 
vomiting, and metabolic acidosis, followed by hypernatremia, 
headache, hypotension, and bone demineralization (4, 22). With 
intra-dialytic application, a better patient survival rate and few-
er problems with metabolic acidosis were reported compared to 
post-dialytic use (23). However, in a recent review, no significant 
difference in efficacy between intravenous, intra-dialysis, intra-
peritoneal, and oral STS administration was found (4). Possible 
adverse events should be taken into consideration when decid-
ing how to treat a fragile ESRD patient with calciphylaxis. In this 
patient we decided on intra-dialytic therapy with STS three times 
weekly, and no serious adverse effects were observed except for a 
few episodes of mild hypotension.

There is no consensus on the duration of treatment with intra-
venous STS. According to the literature, the therapy has report-
edly been applied from 2 to 8 months (17, 24). The majority (80%) 
of patients have been treated with systemic STS for less than 3 
months (14). In the patient presented, the treatment with STS was 
continued for 8 months due to the extensiveness of skin lesions 
and good tolerability of STS.

Intravenous STS has also shown promising results in the treat-
ment of other types of CC; for example, dystrophic CC, which is 
the most common type of CC and can be associated with various 
autoimmune connective tissue diseases (25, 26).

Moreover, intravenous STS has also shown a positive effect on 
the delayed progression of coronary artery calcification in hemo-
dialysis patients (26). During the treatment with STS in this pa-
tient, significant improvement in her physical and psychological 
condition was observed. Unfortunately, no objective examination 
to prove the observation was performed. The improvement might 
be due to a decrease in pain and inflammation; however, we can 
speculate that systemic treatment with STS might have also had 
positive effects on the patient’s cerebral atherosclerosis (27).

To avoid systemic exposure and adverse events, some authors 
have reported successful treatment of localized calciphylaxis with 
an intralesional application of STS (5, 8, 24, 28). Based on these 
reports, one intralesional treatment with STS was performed in 
the case presented. Due to large skin area involvement and the 
need for multiple repeated and relatively painful skin injections, 
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intralesional treatment with STS was discontinued. Moreover, re-
peated skin punctures pose an increased risk for skin infection, 
which is a serious complication in calciphylaxis. Several authors 
have also reported on effective treatment with topical prepara-
tions containing 10 to 25% STS for dystrophic, iatrogenic, and tu-
moral CC (29, 30).

Conclusions

In the case presented of a patient with uremic calciphylaxis with 
extensive and ulcerated lesions on the lower extremities, compli-

cated by two episodes of cellulitis, the initial prognosis was poor 
and the treatment challenging. A multidisciplinary approach with 
an off-label intravenous STS treatment, careful wound manage-
ment, and other supportive measures resulted in successful heal-
ing of the skin lesions after 8 months and improvement of the 
patient’s general health condition. In spite of growing evidence 
of the efficacy of STS in the treatment of calciphylaxis, it is still 
considered an off-label therapy, thus hindering its more extensive 
use. Knowledge of advances in the treatment of calciphylaxis, 
which was previously a highly fatal disease, is important for phy-
sicians and other professionals from various medical fields.


