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Calciphylaxis is a major cause of morbidity and mortality in end-stage renal disease (ESRD). Intravenous
sodium thiosulfate (STS) is the mainstay of therapy
for calciphylaxis. In peritoneal dialysis (PD) patients
with calciphylaxis, intravenous STS poses logistic and
financial challenges. Even though pharmacokinetic
studies show poor bioavailability of oral STS, we
report successful use of oral STS in 2 PD patients
with calciphylaxis.
A 55-year-old Latina American woman with
diabetes was initiated on PD after access failure
and chronic hypotension. She developed painful
ischemic lesions in the left middle finger and left
big toe 4 months later. The ischemia in the left hand
progressed, requiring amputation of two fingers. She
later developed extensive painful calcific areas in the
abdominal wall. She was initially started on oral STS
1500 mg twice daily that was subsequently increased
to 3750 mg daily, which resulted in substantial pain
relief and a decrease in the size of the calcific plaques.
Another diabetic patient with ESRD who was on
PD presented with a painful ischemic finger for 2
years. He was treated with oral STS 1500 mg twice
daily, resulting in prompt pain relief.
Oral STS can be an effective treatment for
calciphylaxis.
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Introduction
Calciphylaxis is a painful and ominous complication
of end-stage renal disease, associated with a 45% –
80% 1-year mortality (1,2). Treatment approaches
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Thiosulfate
focus on reducing the calcium–phosphorus burden
by avoiding calcium-containing phosphorus binders;
minimizing or avoiding vitamin D analogs; using
calcimimetic agents such as cinacalcet, intravenous
or intralesional sodium thiosulfate (STS), or bisphosphonates; intensifying dialysis; applying hyperbaric
oxygen; or judiciously using anticoagulants and tissue plasminogen inhibitor in patients with protein C
deficiency or low antithrombin III activity (or both).
Restoration of blood flow and pain management are
also important aspects of managing patients with
this complication.
Administration of intravenous STS can be arranged
fairly readily in patients on in-center hemodialysis (HD),
but nephrologists face logistic and financial barriers in
arranging intravenous therapy outside of the center for
patients on home dialysis modalities such as peritoneal dialysis (PD) and home HD. The intraperitoneal
administration of STS comes with challenges such as
risk of contamination, the need for the patient to come
to the center, cost, sodium loading, and the intermittent
nature of treatment for an ongoing pathology. Oral
administration of STS offers the potential advantages
of ease of administration, avoidance of peritoneal access, daily administration of treatment for an ongoing
disease, and reduced cost.
We report our successful experience with oral STS
in the treatment of calciphylaxis in 2 PD patients, and
we review the existing relevant literature.
Case descriptions
Patient 1
A 55-year-old Latina American woman with diabetes and a history of multiple abdominal surgeries
for ovarian cancer was initiated on PD after vascular access failure and chronic hypotension. She
developed painful ischemic lesions in the left middle finger and the first toe of her left foot 4 months
later. She also developed extensive painful calcific
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plaques in the abdominal wall suggestive of calciphylaxis. Her mean serum calcium was 9.23 mg/
dL (range: 8.3 – 9.7 mg/dL); mean phosphorous,
5.37 mg/dL (range: 3.9 – 9.4 mg/dL); and mean
parathyroid hormone, 361.22 pg/mL (range: 101.5 –
622 pg/mL). In view of the logistic difficulties in
obtaining intravenous access and transporting a
patient with severe pain, off-label use of oral STS
was started on October 31, 2013. The STS was
obtained from a compounding pharmacy and was
started at a dose of 750 mg, 2 capsules twice daily.
The ischemia in the patient’s left hand progressed, requiring amputation of the middle and
ring fingers on November 13, 2013. The incision
healed, but was complicated by phantom limb pain.
Histopathology of the amputated specimen showed
ulceration with focal and acute inflammation and
calcific atherosclerosis in the resected margins of
the ring finger. For pain management, in addition to
gabapentin and hydrocodone with acetaminophen,
the patient applied topical lidocaine over the intact
skin along the dermatomes shared by the calcified
plaques. By January 30, 2014, treatment with topical
lidocaine, gabapentin 300 mg daily, and acetaminophen 1500 mg daily resulted in analgesia in the
abdominal wall and left hand and foot; the patient
was therefore able to discontinue narcotics and return to work full time.
The ulcer in the left first toe healed, and the
patient had no side effects from the STS, other than
persistence of diarrhea that had existed before she
started on STS. Her mean anion gap was 25 during
the 3 months before STS was started and 24.8 during
the 11 months after STS start. With the exclusion of
one anion gap measurement of 37 when the patient
was hypotensive (systolic blood pressure < 70 mmHg
during one of her visits 2 months after STS start), her
mean anion gap was 23.6. During the next several
months, the plaques softened and decreased in size.
Figure 1 presents serial images showing improvement
after oral STS start.
In December 2014, the patient presented with
small-bowel obstruction requiring laparotomy and
adhesiolysis. Her postoperative course was complicated by shock, with intestinal ischemia leading to
death. Outside of her 2 hospitalizations, the patient
was able to work during the last year of life. She and
her husband were appreciative for the extra year of
functional life with effective pain relief.

Patient 2
A 51-year-old diabetic man on PD after failed kidney
transplantation presented with a painful ischemic finger 2 years after a complicated vascular access surgery,
vascular access steal syndrome, and ligation of the
arteriovenous graft without any pain relief. The patient
had a painful ulcer in the right fourth finger. His mean
serum parathyroid hormone was 436.23 pg/mL (range:
339 – 500.9 pg/mL); mean phosphorous, 3.55 mg/dL
(range: 2.9 – 4.5 mg/dL); and mean corrected calcium,
9.58 mg/dL (range: 9.3 – 10.1 mg/dL).
The patient was treated with oral STS 1500 mg
twice daily, resulting in prompt relief of pain 4 days
after starting STS. The wound healed over a period of
several months, and the patient experienced no side
effects from the STS. His mean anion gap was 13.3
(range: 11 – 20) during the 6 months before starting
STS and 14.5 (range: 9 – 19) during the 6 months
after STS start.
The patient was relieved to finally be able to use
the affected hand after 2 years of functional loss because of pain. Figure 2 presents serial images showing
improvement after oral STS start.
Discussion
Vascular calcification is commonly seen in patients
with chronic kidney disease, and cardiovascular events
are responsible for almost 50% of the mortality in the
HD population. Coronary calcification is an almost
universal observation in patients on HD at 20 years of
age or older, and the calcification progresses rapidly
(3). In addition to a high prevalence of neointimal
calcification of atherosclerosis, which is associated
with a high prevalence of coronary artery disease in
the general population, patients with end-stage renal
disease also have medial calcification (Mönckeberg
atherosclerosis). As shown by Moe and Chen, a high
coronary artery calcium score is directly correlated
with the risk of myocardial infarction (4). The same
study also showed a high incidence of aortic or mitral
valve calcification in end-stage renal disease and a
direct correlation with dialysis vintage (4).
Causes of vascular calcification
Vascular calcification involves the transformation
of vascular smooth muscle cells into osteoblast-like
cells, which lay down a bone matrix of type I collagen and non-collagenous proteins. That framework
acts as a nidus for mineralization, which results in
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1 Response to oral sodium thiosulfate (started October 31, 2013) in patient 1.

A review of case–control series in adult patients
demonstrated that hyperphosphatemia, not hypercalcemia nor hyperparathyroidism, was a risk factor in the
development of calcemic uremic arteriolopathy (4).
Other risk factors for calcemic uremic arteriolopathy
include female sex, white race, hypoalbuminemia,
and warfarin use.

2 Response to sodium thiosulfate (started January 10,
2014) in patient 2.

figure

calcification of the vessel and subsequent ischemia
(4). The physicochemical properties of the mineral
deposited into the blood vessels is believed to be the
same as those of hydroxyapatite, the mineral compound of bone.
A host of factors are involved in vascular calcification in uremic patients, including hyperparathyroidism, oxidant injury, high levels of circulating calcium
in patients with low parathyroid hormone levels, positive calcium balance during HD, alkalemia increasing
the synthesis of amorphous calcium phosphate and
its further conversion into apatite, decrease in the
conversion of pyrophosphate into orthophosphate
by increased alkaline phosphatase activity, decrease
in gamma-carboxylation of matrix Gla protein, and
vitamin K2 deficiency, among others.

Physical chemistry of medial vascular calcification
Calcification consists of noncrystalline (or amorphous)
calcium phosphate, whitlockite [also called magnesium
w h i t l o c k i t e , ( M g , C a ) 3( P O 4) 2] , a p a t i t e
[Ca10(PO4)6(OH)2], and hydroxyapatite [this is sometimes also called apatite, but is actually magnesium-
substituted carbonate apatite, (Mg,Ca)10(PO4,CO3)6
(OH)2]. Apatite is the predominant crystalline form
in blood vessels. Although formation of amorphous
calcium phosphate is reversible, the formation of
whitlockite, apatite, and hydroxyapatite is irreversible
under physiologic conditions. Alkalemia that occurs
after HD favors both conversion of Ca2+ and HPO42–
into amorphous calcium phosphate and formation of
apatite. Pyrophosphate and gamma-carboxylated
matrix Gla protein are inhibitors of the conversion of
amorphous calcium phosphate into apatite. Magnesium
inhibits the formation of apatite, but increases the formation of whitlockite. Those mechanisms have been
reviewed in a simplified manner in a recent commentary
(5). A recent study by Verberckmoes et al. (6) showed
that whitlockite was present in the calcium deposits of
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uremic vessels in rats treated with calcitriol and absent
in uremic rats not treated with calcitriol.
Mechanisms of action of STS
Sodium thiosulfate is an effective anti-browning,
reducing, and antioxidant agent, readily donating electrons to re-pair unpaired damaging electrons; it is also
used as a chelator of cations such as calcium. In one
of many possible antioxidant reactions, it scavenges
reactive oxygen species and might be responsible for
converting oxidized glutathione into glutathione.
Sodium thiosulfate is believed to bind to calcium,
resulting in the formation of calcium thiosulfate. Although calcium phosphate is insoluble, calcium thiosulfate is highly soluble. Furthermore, STS is known
to be a chelator of cations and has been used for more
than a century as an antidote for cyanide toxicity and
as a topical treatment for acne and tinea versicolor;
more recently, it has been used as a chemoprotectant
against carboplatin and cisplatin toxicity. Its use in
the treatment of calciphylaxis has been described by
many investigators (7–11).
The beneficial effects of STS are thought to be due
in part to the enhanced solubility of calcium deposits in
aqueous solution. Initial experiments by Yatzidis (12)
demonstrated that calcium thiosulfate is 250, 1000,
3600, and 100,000 times more soluble in aqueous
solution than calcium sulfate, citrate, phosphate, and
oxalate respectively. Hence, the administration of STS
in calciphylaxis could facilitate the mobilization of
calcium from affected vessels.
Pharmacology of STS
Sodium thiosulfate (Na2S2O3) has a small molecular
weight of 248, and in patients with normal renal function, it has a serum half-life of 15 minutes. Animal data
from normal and anuric dogs demonstrated that STS
distributes rapidly throughout the extracellular space
(13). Its volume of distribution was observed to double
during renal failure, and its metabolic clearance rate
declined drastically. In normal animals, STS had a
half-life of 46.8 minutes, and 98% was cleared renally.
However, in anuric dogs, the half-life was 239 minutes, and elimination occurred primarily through the
biliary system. In 6 healthy humans (14), the average
volume of distribution for STS was found to be 12.2 L
(167 mL/kg); in edematous individuals, it was 18.2 L
(240 mL/kg). Brucculeri et al. (9) measured the serum
concentration of STS in a patient with end-stage renal

disease 15 minutes after infusion, before HD (52 hours
after administration), and after a 4-hour HD session.
The recorded STS levels were 110 μg/mL, 1.2 μg/mL,
and 0 μg/mL respectively, with a calculated half-life
of 478 minutes.
Data about the pharmacokinetics of oral STS are
limited. Farese and coworkers (15) studied 10 HD
patients who received intravenous STS and 9 healthy
volunteers who received 1 intravenous and 1 oral
dose. Renal clearance was slightly higher in healthy
volunteers at 2.25 ± 0.3 mL per minute per kilogram
than in HD patients at 2.04 ± 0.7 mL per minute per
kilogram. Urinary clearance was 2.62 ± 1.01 mL per
minute per kilogram. After oral administration, only
4% of STS was recovered in the urine of volunteers,
reflecting a low bioavailability of 7.6% (0.8% – 26%).
A dichotomy is evident between the foregoing data
and data about the clinical efficacy of STS. Yatzidis
(12) reported successful use of oral STS in preventing
nephrolithiasis. Asplin et al. (16) also demonstrated
that STS reduces calcium phosphate nephrolithiasis
in rats, and Musso et al. (17) successfully used oral
STS as a successful secondary treatment for calciphylaxis after initial therapy with intravenous STS.
AlBugami et al. (18) reported a favorable experience
of oral STS in 4 patients as maintenance therapy after
initial intravenous therapy. Based on bone scans, 2
patients improved, 1 stabilized, and 1 progressed after
6 months of oral therapy. Despite successful reports
supporting the efficacy of oral STS for calciphylaxis
and other indications such as nephrolithiasis (12),
tumoral calcinosis (19), and nephrocalcinosis (20), the
pharmacokinetic studies of Farese et al. (15) showed
poor and widely variable bioavailability (ranging from
0.8% to 26%) in 8 healthy volunteers. It is possible
that oral bioavailability might be higher in uremic
patients than in healthy human beings.
Our report is the first to describe the successful
use of oral STS in patients on PD. Oral STS offers
several potential advantages. Its cost is considerably
cheaper. AlBugami et al. (18) reported that, in Canada, the average cost of intravenous STS is about
CA$12,000 per month; the cost of compounded oral
STS is $45 per month. We were able to obtain STS
for our patients from a compounding pharmacy. Because oral STS is not commercially available, its retail
price is unknown. Other benefits of oral STS include
the avoidance of intravenous access and elimination
of the logistics for in-center administration several

Shetty and Klein
days each week. Potential side effects of oral STS are
diarrhea, nausea, and vomiting. One of our patients
had diarrhea before starting on STS, and her diarrhea persisted. She had 1 hospitalization for volume
depletion, which could have been related to diarrhea
caused by STS or by sevelamer.
Summary
Calciphylaxis is a disease associated with high morbidity and mortality and poses therapeutic challenges. In the treatment of calciphylaxis, STS remains a
mainstay. The present report of the successful use
of oral STS in PD patients with calciphylaxis is, to
the best of our knowledge, the first ever published.
Oral STS is an economical, logistically appealing,
feasible, and effective treatment option for affected
patients. Larger studies are needed to better define
oral STS as an alternative therapeutic option for
calcemic uremic arteriolopathy.
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