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Abstract Calciphylaxis is severe condition with 45-55 %
mortality occurring in chronic dialysis patients. Sporadi-
cally, the disease may develop in the patients with normal
renal function, for example, in the presence of chronic
renal inflammation. Sodium thiosulfate (STS) therapy is a
treatment modality of calciphylaxis, but mechanism of its
action is unknown. We report four cases of calciphylaxis
treated with STS, illustrating that its therapeutic effect is
not associated with decreased serum calcium or phosphorus
concentration. Therapy with intravenous STS was safe and
led to subjective improvement, due to pain reduction, and
lesions healing in three of four patients. In one patient,
complications of diabetes and other co-morbidities led to
unfavorable outcome. STS can be considered promising
drug in the treatment of calciphylaxis.
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Introduction

Calciphylaxis, also known as calcific uremic arteriolopa-
thy, is a rare but severe condition occurring in 1-4 % of
chronic dialysis patients [1]. This life-threatening state is
characterized by vascular calcification and cutaneous
necrosis associated with painful progressive ulcerations.
The ulcers are typically localized on the skin of the lower
extremities and abdomen [2, 3]. Sporadically, the disease
may develop in the patients with normal renal function, for
example, in the presence of chronic renal inflammation [3].
The highest incidence of the disease is in the fifth decade of
life. In females, calciphylaxis occurs two times more fre-
quently than in males [4, 5].

The mortality rate is associated with the localization and
type of lesions and reaches 45-55 %. Mortality is higher in
the patients with proximal calciphylaxis [6]. The most
frequent cause of death is sepsis [4, 6]. The pathogenesis of
calciphylaxis is not well understood, probably due to its
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multifactorial character [2—6]. In the patients with end-
stage renal insufficiency and hyperphosphatemia, high
serum phosphorus concentration activates the parathyroid
glands, and higher concentrations of parathyroid hormone
cause hypercalcemia [7].

The diagnosis of calciphylaxis is established clinically:
predispositions, risk factors, extreme pain, and livid skin
nodules. Induration, typical localization and the configu-
ration of skin ischemia and necrosis are generally sufficient
for the diagnosis [8]. Although biopsy provides a direct
proof of the diagnosis, it is associated with risk of ulcera-
tions, infection, further progression of the lesions,
hemorrhages, and necrosis [9]. The main benefits of biopsy
consist of morphological confirmation of the diagnosis and
exclusion of other conditions that can mimic calciphylaxis.
A punch or telescoping biopsy from lesion margin or deep
incisional wedge skin biopsy is likely to have best yield.
Punch biopsy is safer and is a preferred approach over an
incisional biopsy. In general, biopsy at the center of the
ulcer or necrotic area is of low diagnostic yield [10].
Histological findings associated with calciphylaxis include
arterial media calcification, microthromboses, fibrointimal
hyperplasia, and septal panniculitis [11].

There is no consensus regarding the treatment of calci-
phylaxis [12]. In uremic patients with calciphylaxis,
therapy is focused primarily on the normalization of cal-
cium and phosphorus metabolism, for example, daily
dialysis with low calcium dialysate and high doses of
calcium-free phosphate binders [13, 14]. Furthermore, the
reduction or discontinuation of vitamin D and the admin-
istration of receptor activators, calcium binders, and
coumarins are applied. There are several proteins important
for the process of inhibition of calcification. One of them,
matrix gla protein (MGP), requires posttranslational vita-
min K dependent carboxylation for activation [12]. Finally,
parathyroidectomy and calcimimetic administration should
be considered in patients with confirmed hyperparathy-
roidism [12—-14]. The other treatment modalities include
local wound care, antibiotics, analgesics, and hyperbaric
oxygen therapy [15].

Sodium thiosulfate (STS) intravenous administration is
one of the treatment modalities that have been used to treat
patients with calciphylaxis since 2004 [16]. STS is typi-
cally applied as an antidote for the treatment of cyanide
poisoning [17]. Its mechanism of action in calciphylaxis is
still unclear. It is known that calcium thiosulfate salts are
250-100,000 times more water soluble than other calcium
salts and can be removed by dialysis [18].

The typical empirical dose of STS is 25 g diluted in
100 cm? of saline, administered intravenously three times
per week during the last 30 min of a hemodialysis session.
Administration at the end of a hemodialysis session can
reduce the risk of adverse effects, because STS is
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dialyzable [6]. The possible adverse effects of STS
administration are hypernatremia, acidemia, gastric hem-
orrhage, seizures, nausea, vomiting, and peripheral edema
[5]. Adverse effects can be attributed to medication errors
during the treatment, for example if the initial dose of STS
is too big [19, 20]. After dose reduction, the adverse effects
usually disappear. The positive effect of STS mediated by
the inhibition of vascular calcification has a negative side:
the inhibition of bone calcification and hydroxyapatite
formation [21].

Although STS had been demonstrated to be effective in
the therapy of calciphylaxis, the literature on the problem is
still scarce, consisting of several case reports with insuffi-
cient clinical data. There is no consensus with regard to the
regimen and dosage of STS administration or with regard
to the duration of therapy. In this study, we present a case
series of four patients with calciphylaxis treated with STS
administration and discuss the optimal treatment modality
based on a literature review.

Results and discussion
Case 1

A 65-year-old female was treated at the hemodialysis unit
with chronic renal insufficiency that developed as a com-
plication of lupus nephritis in 2009. The patient had several
co-morbidities: autoimmune hemolytic anemia, hyperten-
sion, atrial fibrillation, protein malnutrition, and secondary
hyperparathyroidism.

During the period from September to December 2014,
the patient was hospitalized repeatedly due to progressive
pain in the lower extremities with the subsequent devel-
opment of ulcerative and necrotic lesions. In January 2015,
the diagnosis of calciphylaxis was confirmed by biopsy.
From March 2015, the patient was administered STS in the
dose of 25 g three times per week during the last
30 minutes of hemodialysis sessions. The patient had been
discharged in June, but the therapy with STS still
continued.

No significant reduction of serum calcium or phos-
phorus occurred during treatment. Phosphorus levels
actually increased slightly (Fig. 1). The serum parathyroid
hormone level increased during the period from February
to June 2015 (12.0-35.0 pmol dm >, reference range is
10.0-55.0 pmol dm ™). Other laboratory parameters are
presented in Table 1. The administration of vitamin D and
phosphate-binder sevelamer was added to the therapy.
Due to abnormal nutritional parameters (decreased serum
albumin, total protein, and cholesterol), nutritional support
was applied. Hemodialysis continued without complica-
tions. After 4 months of hospitalization, a significant
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Fig. 1 Dynamics of serum concentrations of calcium and phosphorus
during treatment with STS in Case 1

Table 1 Laboratory parameters during hospitalization (Case 1)

Month Feb Mar Apr May
Leucocytes/10° dm > 8.53 777 7.14 7.83
AST/pkat dm ™ 0.61 0.34 0.37 0.39
ALP/pkat dm ™ 2.28 1.27 1.42 1.35
Creatinine/pmol dm™ 594 632 782 716
Na/mmol dm > 133 137 136 136
K/mmol dm~3 5.1 49 5.6 5.1

AST serum aspartate transaminase, ALP serum alkaline phosphatase,
Na serum sodium, K serum potassium

reduction in the severity of ulcerative regions was regis-
tered, and the general condition of the patient was
stabilized. The patient was discharged with a recom-
mendation for further outpatient observation and
treatment.

Case 2

A 7l-year-old female with poorly controlled diabetes
mellitus type II (according to the data from the diabetic
profile, repeatedly high glycaemia was registered:
11.0-13.3-7.9-8.2 mmol dm ) and obesity was included
in the regular hemodialysis program because of diabetic
and hypertensive nephropathy since November 2013. The
additional co-morbidities were arterial hypertension, sec-
ondary hyperparathyroidism, and anemia. On February 11,
2014 calciphylaxis was diagnosed, and the treatment was
started. The patient had hyperglycemia (11 mmol dm )
and elevated inflammatory parameters: C-reactive protein
(CRP) 39.8 mg dm >, leukocytes 12.9 x 10° dm™>. A
lesion of 4.6 x 2.2 cm with ulceration and 0.5 cm central
depression was found in the right hypogastrium, and a
lesion without ulceration was present in the left hypogas-
trium. The patient developed superficial thrombophlebitis
on the medial side of the right thigh, which indicated the
development of an additional calciphylaxis lesion.
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Fig. 2 Dynamics of serum calcium and phosphorus concentrations
during treatment with STS in Case 2

Hemodialysis was performed every second day and
followed by the intravenous administration of sodium
thiosulfate. The dose was gradually increased from 5 to 10
and further to 15 g. The treatment with STS was well
tolerated, without adverse reactions, and led to consider-
able relief to the patient, pain reduction, and significant
regression of the local pathologic findings. During the
treatment with STS, serum calcium and phosphorus con-
centrations did not decrease; actually, mild elevation of the
serum concentrations was observed (Fig. 2). The serum
parathyroid hormone level slightly decreased from 48 to
45 pmol dm > during the period of hospitalization from
February to July. Further therapy included regular local
treatment of abdominal wall defects and antibiotics
administration (Augmentin and Amikacin).

The treatment with STS and dialysis led to healing of
the skin defects, pain reduction, and decreased inflamma-
tion. No complications occurred. The patient was
discharged to outpatient care in July 2014 with the rec-
ommendation of dialysis sessions three times per week,
infusion therapy, and local treatment of healing skin
defects (Table 2).

Case 3

A 62-year-old female with diabetes mellitus type I and
coronary artery disease was hospitalized at the dialysis
department in September 2014. The indication for
hemodialysis was acute renal failure after a complicated
cardiac operation and chronic nephrosclerosis.

The calciphylaxis was diagnosed at the end of January
2015, and the treatment with STS was started immediately.
STS was administered at a dose of 25 g three times per
week during the last hour of hemodialysis sessions. The
patient was administered antibiotics (vancomycin,
metronidazole) and non-calcium phosphate binders. Serum
levels of calcium and phosphorus were within physiologi-
cal ranges during the treatment with STS.
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Table 2 Laboratory parameters during hospitalization (Case 2)

Month Feb Mar Jul Aug
Leucocytes/10° dm ™ 12.9 11.2 8.00 8.90
AST/pkat dm™> 0.40 0.48 0.29 0.35
ALP/pkat dm 2.10 1.95 234 2.56
Creatinine/pumol dm~> 540 520 551 566
Na/mmol dm~3 140 139 135 140
K/mmol dm~3 42 4.7 42 43

AST serum aspartate transaminase, ALP serum alkaline phosphatase,
Na serum sodium, K serum potassium

The calciphylaxis was of the central (proximal) type,
with the gradual progression of extensive necrosis in the
abdominal region (Fig. 3a). Surgical necrectomies were
performed with further daily local care and one hyperbaric
oxygenation (HBO) session. The HBO was indicated
because of ischemic ulcers and defects persisting despite
the treatment provided.

During the hospitalization, the gynecological malignant
tumor was diagnosed, but the operation was contraindi-
cated due to the patient’s general state and unhealed lesions
in the abdominal region. In April 2015, the patient was
discharged from the hospital in a stabilized state (Fig. 3b)
with the recommendation of further outpatient local treat-
ment and observation.

According to the medical records and information from
relatives, the patient’s condition improved gradually after
discharge. Nevertheless, on June 15, the patient was
admitted to the hospital with decompensation of diabetes,
elevation of inflammatory parameters, increase of tumor
markers, and deterioration of her general condition. In the
abdominal region, another focus of ulceration and necrosis
appeared next to the site of the original lesion, which was
nearly healed (Fig. 3c).

On June 21, cardiac and respiratory arrest occurred. The
patient was resuscitated, intubated, and transferred to the
ICU, where exitus letalis occurred shortly after the transfer
(Table 3).

Case 4

A 62-year-old male with diabetes treated with insulin
(Novorapid 6-6-8 units subcutaneously and Levemir 8
units subcutaneously before sleeping) had been in the care
of the dialysis department from April 2013 with chronic
renal failure due to diabetic nephropathy. The diabetes was
complicated by diabetic neuropathy of the lower extremi-
ties. The co-morbidities included ischemic heart disease
and peripheral arterial disease. Calciphylaxis lesions on
both legs were diagnosed in October 2014. Sodium thio-
sulfate therapy was started immediately with three
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Fig. 3 a Abdominal lesions in the patient with calciphylaxis (Case 3)
on the early stage in January 2015. b Abdominal lesions in the patient
with calciphylaxis (Case 3) on the peak of progression. ¢ Abdominal
lesions in the patient with calciphylaxis (Case 3) shortly before death
in June 2015

Table 3 Laboratory parameters during hospitalization (Case 3)

Month Feb Mar Apr

Leucocytes/10° dm ™ 20.10 15.60 31.90
Ca/mmol dm~— 2.17 1.97 2.02
P/mmol dm~> 0.48 0.83 1.20
Creatinine/pmol dm™? 287.00 185.98 267.15
Na/mmol dm~3 134.84 142.00 126.57
K/mmol dm~> 4.39 5.11 4.57

AST serum aspartate transaminase, ALP serum alkaline phosphatase,
Na serum sodium, K serum potassium

ampoules of STS 10 % 10 cm?/1 g administered intra-
venously three times a week during the last hour of
hemodialysis sessions. In total, the patient received 40 g of
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STS. Despite this therapy, the defects on the patient’s
lower extremities progressed. A below-knee amputation of
both legs was recommended, but the patient repeatedly
refused it. Due to severe pain in the legs, an epidural
catheter was introduced for opiate administration. For
further care, the patient was hospitalized in hospice. In
November 2014, the patient developed sepsis and died
despite antibiotic treatment in early December 2015.

Calciphylaxis remains a life-threatening condition with
only 50 % survival during the first 3.3 months after the
start of treatment [6]. In our case series study, the admin-
istration of STS resulted in the survival of 75 % of patients
with documented complete or partial remission of the
disease. Therefore, treatment with massive doses of STS
(25 g per dialysis session) led to favorable short-term and
long-term outcomes in most cases.

STS has a small molecular weight (248) and short
elimination half-life (15 min) in patients with normal renal
function. The toxicity of STS is low, because it is rapidly
excreted by the kidneys and biliary secretion; side effects
are rare and usually disappear after the dose reduction [21].
Its administration leads to increased osmolality. The cal-
cium salt of thiosulfuric acid is water soluble and well
removable by hemodialysis [1]. The adverse effects of STS
administration include hypernatremia, metabolic acidosis
with increased anion gap, nausea, peripheral edemas, gas-
trointestinal bleeding, rhinorrhea, headaches and mild
phlebitis [5, 22].

The mechanism of STS action in calciphylaxis is still
unknown. Our data confirmed that its effect is not associ-
ated with a significant decrease in serum calcium or
phosphate concentrations or any decrease in parathyroid
hormone level. During the intravenous administration of
STS, only insignificant and temporal decreases in calcium
and phosphate occurred, and concentrations remained at
levels much higher than recommended. Our data are con-
sistent with animal models, where a short decrease in
serum calcium occurred within the first 15 min. after
thiosulfate administration, but later no significant decrease
was recorded [23].

According to previous studies, STS has vasodilator and
antioxidant properties [24]. These properties can lead, as
observed in our study, to pain relief due to the improve-
ment of endothelial dysfunction present in patients with
calciphylaxis [25, 26]. Recent studies suggest that STS
prevents calcium crystal formation and binds iron ions
participating in the pathogenesis of calciphylaxis. The
losses of serum iron are not significant; therefore, the
supplementary therapy is not necessary [27, 28].

Over the course of 12 years of STS application in the
context of calciphylaxis therapy, different thiosulfate
administration schemes have been suggested. The optimal
regimen and dosage for thiosulfate administration have not

yet been established [19]. In the study by Zitt et al., weekly
doses ranged from 30 to 125 grams, with 81 % of patients
receiving 75 g of STS per week, while children received 25
g per 1.73 m? of body surface area per week [6].

Two of our patients were administered STS during the
last hour of the hemodialysis session. The other two
patients received doses during the last 30 min of
hemodialysis. Single doses from 5 to 25 g were adminis-
tered three to four times per week. The course of treatment
lasted several months. Except for the last case, partial or
total healing of skin lesion defects, pain relief, and
decreased inflammation were observed. No adverse effects
were noted during STS administration.

Conclusion

The long-term prognosis in the patients treated with STS
depends on several factors: extent of the lesions, severity of
the disease, patient’s general condition, age, co-morbidi-
ties, and so on. The largest clinical study performed in the
field with 27 patients treated with STS confirmed a positive
effect of STS administration as part of complex therapy. In
70 % of cases, partial or complete remission was observed.
Nevertheless, 52 % of patients died within 101 days. The
mortality was highest in the group of elderly patients and in
the cases of proximal calciphylaxis [6].

The empirical single dose we recommend for the treat-
ment of calciphylaxis is 25 g of STS administered
intravenously three times a week for 30—60 min at the end
of hemodialysis sessions. It was shown that the adminis-
tration of STS during the last hour of dialysis prevents
adverse effects and should be preferred to administration
after the hemodialysis session [6]. After the first week of
therapy, the dose can be reduced to 12.5 g to avoid adverse
effects.

Experimental
Patients and laboratory investigations

Four patients with confirmed diagnosis of calciphylaxis
were treated in the following hospitals: General University
Hospital in Prague, Hospital Decin, and Hospital Nachod in
the Czech Republic.

The discharge reports of hospitalized patients with a
confirmed diagnosis and the results of laboratory mea-
surements on admission, during hospitalization, and on
discharge were collected and analyzed. Laboratory analy-
ses were performed on admission and during
hospitalization. All patients were treated with hemodialysis
and sodium thiosulfate according to previously published
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treatment protocols. Sodium thiosulfate solution was given
intravenously either before, or during/at the end of
hemodialysis sessions. Antibiotics and non-calcium phos-
phate binders were administered according to the
indications and treatment schemes.

Serum sodium, potassium, phosphorus were measured
on admission, before the treatment initiation, and during
hospital treatment. Other laboratory analyses included liver
enzymes (AST, ALT), blood cell count, urea, creatinine,
and other clinical biochemical parameters.
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