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Calciphylaxis is a rare, life-threatening syndrome of vascular 
calcification characterized by occlusion of microvessels in the subcutaneous 
adipose tissue and dermis that results in intensely painful, ischemic skin 

lesions. Once calciphylaxis has been diagnosed, the prognosis is generally poor 
(survival, <1 year).1-3 The disorder, which is underrecognized,4 typically affects 
patients with end-stage renal disease (ESRD),2,5 a population with a high prevalence 
of extraskeletal calcifications. A clear majority of such calcifications do not repre-
sent calciphylaxis, which cannot be placed on a simple continuum of vascular 
calcification. However, an improved understanding of vascular calcification has 
helped to elucidate the pathogenesis of calciphylaxis and promising approaches to 
treatment.

Calciphylaxis also occurs in patients with earlier stages of chronic kidney dis-
ease,2,5 acute kidney injury,6 or prior receipt of a kidney transplant,7 and in rare 
cases, it occurs in patients with normal kidney function.2,5,8,9 We therefore prefer 
the name calciphylaxis to calcific uremic arteriolopathy, which is another name 
for this entity.10 This review presents the current understanding of calciphylaxis 
and provides a framework for its interdisciplinary management.

Clinic a l M a nifes tations

Calciphylaxis causes painful skin lesions (Fig. 1A through 1H). The pain is somatic 
and may precede the appearance of skin lesions.11 Although the pain may initially 
fluctuate in intensity,12 it characteristically remains severe during the course of the 
disease and is frequently accompanied by tactile hyperesthesia.11 The initial skin 
manifestations may include induration, plaques, nodules, livedo, or purpura.12,13 A 
dusky discoloration of the skin indicates an area of imminent necrosis. Because 
an arteriole supplies a 1-to-3-cm conical area of microvasculature in a funnel 
shape, there are frequently reticulate (netlike) areas of erythema (Fig. 1C) and livedo. 
Patients typically have multiple, bilateral lesions, with surrounding skin showing 
a leatherlike texture. The initial lesions rapidly progress to stellate, malodorous 
ulcers with black eschars.12,13 Sepsis originating from the resultant wounds is 
considered the most common cause of death.8,14,15 Approximately 50% of patients 
are bedridden or wheelchair-bound, and more than 70% require hospitalization for 
severe ulcers.14 Ongoing pain, anorexia, insomnia, and depression further compro-
mise the quality of life.16

Extraskeletal calcifications (Fig. 1I and 1J) are often found on imaging studies, 
but the sequelae of cutaneous involvement are the predominant clinical manifesta-
tions. On rare occasions, extracutaneous vascular calcifications lead to skeletal 
myopathy, intestinal bleeding, or visual impairment.17
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Figure 1. Clinical Manifestations, Radiographic Features, and Histologic Characteristics of Calciphylaxis.

Panels A through E show the early manifestations of calciphylaxis: a violaceous patch with surrounding retiform purpura (Panel A), a 
palpable subcutaneous nodule with overlying erythema (Panel B), a reticulate pattern of erythema (Panel C), an induration with dusky 
discoloration (Panel D), and multiple plaques with livedo (Panel E). Panels F, G, and H show late manifestations: a necrotic ulcer partially 
covered with a black eschar (Panel F), a leg with a mummified appearance (Panel G), and gangrenous fingers (Panel H). Panels A, B, E, 
and F show central involvement, and Panels C, D, G, and H show peripheral involvement. In Panel I, a mammogram from a patient with 
calciphylaxis involving the breast shows microvascular calcifications (arrows) and fat necrosis (oval). In Panel J, microvascular calcifica-
tions in a netlike pattern (arrow), subcutaneous extravascular calcifications, and a calcified femoral artery are evident on a radiograph 
from a patient with ulcerated calciphylaxis involving the thigh. A skin-biopsy section stained with hematoxylin and eosin (Panel K) shows 
coarse basophilic calcification, fibrointimal hyperplasia, and fibrin thrombus in dermal and subcutaneous microvessels with septal pannicu-
litis. A skin-biopsy section with von Kossa stain (Panel L) shows fine arteriolar and interstitial calcifications. Pathological and radiographic 
findings by themselves are not diagnostic of calciphylaxis and should be clinically correlated.
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Clinic a l Cl a ssific ation

Calciphylaxis can be classified as uremic (in pa-
tients with ESRD) or nonuremic (in patients with 
normal renal function or earlier stages of chronic 
kidney disease). The lesions in affected patients 
can be classified as central (involving central 
areas within subcutaneous adipose tissue such 
as the abdomen or thighs) or peripheral (restrict-
ed to peripheral sites that have limited adipose 
tissue, such as the digits). In addition, lesions 
can be nonulcerated (in the earlier stages of the 
disease) or ulcerated (in later stages).

The lesions are similar whether or not patients 
have kidney disease; however, 70 to 80% of le-
sions in patients with ESRD have a central dis-
tribution,1,14 as compared with approximately 50% 
of lesions in patients who do not have ESRD.8,14 
Patients without ESRD have a better prognosis 
(1-year mortality, 25 to 45%8,9) than those who 
have ESRD (1-year mortality, 45 to 80%1-3), prob-
ably because of the differences in coexisting 
conditions and the location of lesions. Patients 
with central lesions are more likely to have a 
high body-mass index than patients without 
central lesions,1 are more likely to be women,1 
and have a higher risk of death.18 The presence 
of ulcerated (late) lesions reduces the 6-month 
survival rate to 20%.3

His t opathol o gic a l Fe at ur es

Characteristic histologic features of calciphylaxis 
(Fig. 1K and 1L) include calcification, fibrointi-
mal hyperplasia, and thrombosis in microvessels 
in the subcutaneous adipose tissue and dermis, 
often accompanied by necrosis of epidermal and 
adipose tissue, dermal–epidermal separation, 
panniculitis, proliferation of dermal endothelial 
cells, and extravascular calcifications.19,20 The mean 
diameter of the involved microvessels is 100 μm 
(range, 40 to 600).15 Calcified lesions consist of 
calcium and phosphate in a molar ratio of 1.7, 
which matches that of hydroxyapatite.21

Epidemiol o gy

Calciphylaxis, although rare, has been reported 
worldwide, with an estimated annualized inci-
dence of 35 cases per 10,000 patients undergo-
ing hemodialysis in the United States,1 4 per 

10,000 in Germany,5 and less than 1 per 10,000 
in Japan.22 A report from the United States sug-
gests an increasing incidence,23 which may be due 
to an actual increase, heightened awareness of 
the disorder, or both. The interval from the ini-
tiation of dialysis to the appearance of calciphy-
laxis ranges from 30 months in the United 
States1 and Germany5 to 105 months in Japan.24

Patients treated with peritoneal dialysis have 
a higher incidence of calciphylaxis than those 
treated with hemodialysis25,26; however, the under-
lying mechanisms are unclear. The incidence in 
kidney-transplant recipients and in patients with 
earlier stages of chronic kidney disease is un-
known.

Several reports suggest that the mean age at 
the time of diagnosis is 50 to 70 years 2,5,14,25; 
very few patients are children.27 Approximately 
60 to 70% of patients with calciphylaxis are 
women.3,5,14 In a U.S. study involving 1030 pa-
tients with calciphylaxis who were dependent on 
hemodialysis, 49% were white and 28% were 
black,1 a racial distribution approximating that 
of patients undergoing hemodialysis in the United 
States.

R isk Fac t or s

Table 1 lists risk factors for calciphylaxis,1,8,17,25,28-31 
which include obesity, diabetes mellitus, female 
sex, and dependence on dialysis for more than 
2 years. Obesity and diabetes mellitus are also 
risk factors for calciphylaxis in patients with-
out ESRD.8,9

Elevations in phosphate and calcium levels 
increase the risk of subsequent calciphylaxis in 
patients undergoing dialysis.1 Patients with calci-
phylaxis have high parathyroid hormone (PTH) 
levels at the start of treatment with dialysis,1 and 
primary hyperparathyroidism8 and administration 
of recombinant PTH31 are risk factors for calci-
phylaxis in patients who do not have ESRD. At 
clinical presentation, however, approximately 45% 
of dialysis-dependent patients with calciphylaxis 
have PTH levels below the recommended target 
range.5 These observations suggest overuse of 
calcium and vitamin D supplements, leading to 
PTH suppression and adynamic bone (low bone 
turnover), which may exacerbate extraskeletal 
calcium depositions.32 Fibroblast growth factor 23 
(FGF-23), a phosphaturic hormone, is increased 
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in patients with ESRD and calciphylaxis5; how-
ever, the role of FGF-23 in vascular calcification 
remains controversial.33,34

The use of warfarin, a vitamin K antagonist, 
increases the risk of calciphylaxis by a factor of 
3 to 13.1,24,25,35 About 40 to 50% of patients with 
ESRD and calciphylaxis5,36 and 25% of those 
with calciphylaxis in the absence of ESRD have 
been treated with warfarin,8 and warfarin use is 
also linked with increased mortality among pa-
tients with this disease.36 Even in the absence 
of warfarin use, vitamin K deficiency from mal-
absorption or other causes develops in 80% of 
patients with ESRD and calciphylaxis.37

Most patients with one or even multiple risk 

factors do not have calciphylaxis. A triggering 
event in patients with underlying risk factors 
probably induces calciphylaxis. Cutaneous calci-
fications develop in rats that have been sensi-
tized with PTH extract, high-dose vitamin D, a 
high-phosphate diet, or nephrotoxic insults and 
then challenged with physical trauma or metal 
injections.38 Repetitive trauma from subcutaneous 
injections is an example of a trigger reported in 
some cases of human calciphylaxis.1 Most often, 
however, no obvious trigger is identified.

Patho genesis

The pathogenesis of calciphylaxis is uncertain. 
Histologic analysis suggests that calcified, nar-
rowed microvessels lead to chronic, low-grade 
ischemia, and further occlusion of vessels in-
duced by endothelial injury and microthrombo-
sis results in infarction.20,21 Thrombosis could 
be due to a local prothrombotic state,21 with or 
without systemic hypercoagulability.39 The simi-
larity of histologic features in patients with calci-
phylaxis, irrespective of their status with respect 
to ESRD, suggests a common final pathway.20

The development of microvascular calcifica-
tions in patients with calciphylaxis (and in pa-
tients with other vascular calcifications) is likely 
to be an active, cell-mediated process that de-
pends on the balance between the promoters 
and inhibitors of calcification (Fig. 2).21,40,41 Se-
rum samples from patients with calciphylaxis 
show impaired inhibition of calcium phosphate 
precipitation,42 which is probably the result of a 
deficiency of calcification inhibitors. Matrix Gla 
protein (MGP) is an extracellular matrix protein 
synthesized by vascular smooth-muscle and endo-
thelial cells. Carboxylated MGP is a potent inhibi-
tor of calcification, with carboxylation depen-
dent on vitamin K.43 A deficiency of carboxylated 
MGP accelerates spontaneous arterial calcifica-
tions in mice.43 Calciphylaxis in humans is char-
acterized by relative reductions of carboxylated 
MGP in cutaneous tissue21 and the circulation.37 
Moreover, reduced circulating levels predict more 
extensive lesions and ulcer formation.37 Carboxyl-
ated MGP, in addition to being a direct calcifica-
tion inhibitor, inhibits the procalcifying factors 
bone morphogenetic protein 2 (BMP-2) and bone 
morphogenetic protein 4 (BMP-4).44 As shown in 
Figure 2, in calciphylaxis, the deficiency of car-

End-stage renal disease

Female sex

Obesity

Diabetes mellitus

Hypercalcemia

Hyperphosphatemia

Hyperparathyroidism (both primary and secondary)

Oversuppressed PTH with adynamic bone disease (low 
bone turnover)

Elevated alkaline phosphatase

Vitamin K deficiency

Hepatobiliary disease

Thrombophilia (e.g., antithrombin deficiency, protein C 
deficiency, or lupus anticoagulant)

Autoimmune disorders (e.g., systemic lupus  
erythematosus)

Hypoalbuminemia

Metastatic cancers (e.g., colon or lung cancer)

POEMS syndrome

Genetic polymorphisms (e.g., rs4431401 and rs9444348)

Skin trauma (e.g., from subcutaneous injections)

Recurrent hypotension

Rapid weight loss

Exposure to ultraviolet light

Exposure to aluminum

Medications (e.g., warfarin, calcium, vitamin D, iron, and 
recombinant PTH)

*  POEMS denotes polyneuropathy, organomegaly, endocri-
nopathy, M component, and skin changes; and PTH 
parathyroid hormone.

Table 1. Risk Factors for Calciphylaxis.*
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boxylated MGP probably promotes increased cu-
taneous expression of BMP-221 and BMP-445 and 
further osteogenic transcription, as evidenced 
by increased runt-related transcription factor 2 

(RUNX2).21,46 Another calcification inhibitor is 
fetuin-A, which is involved in the formation of 
calciprotein particles that transport mineral 
nanocrystals.42 Fetuin-A is down-regulated in 

Figure 2. Proposed Pathogenesis of Calciphylaxis.

A representative arteriole from a skin section is magnified. The top left quarter of the arteriole represents normal histologic features, 
 including an intact endothelial lining, internal elastic lamina, vascular smooth-muscle cells (VSMCs), and elastin fibers. In the presence 
of chronic kidney disease (CKD) and toxins from other sources, VSMCs are probably transdifferentiated from a contractile phenotype to 
an osteochondrogenic phenotype with up-regulated transcription factors such as runt-related transcription factor 2 (RUNX2). The trans-
differentiated cells elaborate matrix vesicles containing calcium (Ca) and phosphate (PO4), which nucleate crystalline hydroxyapatite in 
the extracellular matrix. Eventually, the balance between calcification promoters (e.g., bone morphogenetic protein 2 and 4 [BMP-2 and 
BMP-4]) and inhibitors (e.g., carboxylated matrix Gla protein [c-MGP], fetuin-A, and inorganic pyrophosphate [PPi]) determines whether 
the arteriole will calcify. Carboxylated MGP inhibits BMP-driven VSMC transdifferentiation and, by loading into matrix vesicles, prevents 
mineralization. Vitamin K deficiency or antagonism blocks MGP carboxylation, which then promotes VSMC transdifferentiation and ma-
trix mineralization. The transdifferentiated VSMCs produce less MGP, resulting in a cascade effect. Adipocytes may influence this process 
by releasing vascular endothelial growth factor A (VEGF-A). Arteriolar calcification combined with endothelial destruction and thrombosis 
ultimately leads to clinical manifestations.
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chronic inflammatory conditions, including chron-
ic kidney disease.42,47 Calciphylaxis is character-
ized by a pronounced burden of circulating calci-
protein particles, indicative of severe, functional 
fetuin-A deficiency.47,48

The discovery of causal genes for mendelian 
traits with extensive calcifications may provide 
clues to the pathogenesis of calciphylaxis. Muta-
tions of NT5E49 and the gene encoding ectonucle-
otide pyrophosphatase and phosphodiesterase 
(ENPP1),50 which are involved in the pathways 
that regulate the metabolism of pyrophosphate 
(a critical inhibitor of calcification),51 lead to arte-
rial calcifications in humans. Polymorphisms in 
NT5E (rs4431401 and rs9444348) are overrepre-
sented in patients with calciphylaxis.30 In murine 
models, administration of an ENPP1–Fc fusion 
protein50 or a small-molecule ENPP1 inhibitor52 
prevents cardiovascular calcifications — findings 
that highlight a promising pathway for the treat-
ment of calcification disorders, including calci-
phylaxis.

Calcifications of the aorta, coronary artery, 
and femoral artery are common in patients with 
ESRD.34 Nonetheless, cutaneous microvascular 
calcifications leading to clinical manifestations 
of calciphylaxis remain rare. Why calciphylaxis 
occurs primarily in the cutaneous microcircula-
tion is unclear. Predominant involvement of sub-
cutaneous panniculus and aggregation of lesions 
in body areas with abundant adipose tissue, 
such as the abdomen and thighs, suggest a role 
of adipocytes in the pathogenesis of calciphy-
laxis. Mature adipocytes exposed to high phos-
phate levels calcify and unidirectionally induce 
calcification of vascular smooth-muscle cells, 
probably through the release of adipokines.53 
Vascular endothelial growth factor A (VEGF-A) 
is a potential adipokine that has been shown to 
produce a procalcific response through BMP-4.54 
The relatively high prevalence of calciphylaxis 
(4%) among patients with the polyneuropathy, 
organomegaly, endocrinopathy, M component, 
and skin changes (POEMS) syndrome under-
scores the possible role of VEGF-A in calciphy-
laxis, since the POEMS syndrome is characterized 
by marked elevations in VEGF-A.55 Adipocytes 
also secrete MGP,56 which may be inadequate or 
ineffective in patients with calciphylaxis. Whether 
differences in susceptibility to calciphylaxis are 
due to genetic or environmental variations in 
adipose tissue is unknown.

In ter disciplina r y M a nagemen t

Although there is no approved therapy for calci-
phylaxis, several approaches may be effective (see 
Table S1 in the Supplementary Appendix, avail-
able with the full text of this article at NEJM.org). 
However, the evidence in support of these ap-
proaches comes from uncontrolled, observational 
studies and case reports; for this reason, pro-
spective clinical trials of repurposed and novel 
therapies are now under way (Table S2 in the 
Supplementary Appendix). Nonetheless, on the 
basis of expert opinion, we recommend an inter-
disciplinary approach (including specialists in 
dermatology, nephrology, nutrition, pain and 
palliative medicine, plastic surgery, and wound 
care) with the aim of expediting the diagnosis 
and treatment (Fig. 3).

Diagnosis

Clinical suspicion is important for an early diag-
nosis. Elevations in serum calcium or phosphate 
levels are not specific. A recent analysis of data 
from the German Calciphylaxis Registry showed 
that 86% of dialysis-dependent patients with 
calciphylaxis had either normal or low plasma 
calcium levels, and 40% had either normal or 
low plasma phosphate levels.5 Many disorders 
mimic calciphylaxis (Table 2). These diagnoses 
can be eliminated by performing a meticulous 
clinical examination and evaluating histopatho-
logical features, laboratory findings, and imaging 
results (Table S3 in the Supplementary Appendix).

Skin biopsy is the standard method for con-
firmation of clinically suspected calciphylaxis; 
however, its role in practice is debated, given the 
risk of provoking new, nonhealing ulcers and 
infection.4 A biopsy is not needed for a patient 
with ESRD and the classic presentation of a 
painful necrotic ulcer covered with a black eschar. 
However, a biopsy should be strongly considered 
if a patient has early, atypical lesions or if calci-
phylaxis is suspected in a patient without ESRD. 
A biopsy is contraindicated for acral, penile, or 
infected lesions. A punch biopsy is safer than a 
large, excisional biopsy but has limited depth 
and can be nondiagnostic. The yield on biopsy 
can be improved with a double-punch technique, 
wherein a second punch is inserted through the 
center of the first to retrieve deeper subcutane-
ous tissue, and by biopsy of an active lesion 
margin rather than a central or necrotic area. 
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Specialized stains (e.g., the von Kossa stain, 
which uncovers phosphate within hydroxyapatite) 
are necessary to avoid missing subtle calcifica-
tions. Patients with ESRD may have cutaneous 
microvascular calcifications from causes other 
than calciphylaxis (e.g., metastatic calcinosis cutis 
or Mönckeberg’s arteriosclerosis).19,20,57 The fol-
lowing features, combined with clinical mani-
festations, help to establish the diagnosis of 

calciphylaxis: a stippled appearance of calcifica-
tions, involvement of capillaries, internal elastic 
lamina or perieccrine glands, or the presence of 
fibrointimal hyperplasia or thrombosis.15,19,20,57

Although imaging studies (e.g., plain radiog-
raphy, mammography, or nuclear bone scanning) 
are not routinely recommended for the diagnosis, 
they may support the diagnosis when a biopsy is 
inconclusive or contraindicated. In small, retro-
spective studies, a netlike pattern of subcutane-
ous calcification on plain radiographs (Fig. 1J) 
and increased heterogeneous radiotracer uptake 
in soft tissues on nuclear bone scanning have 
robust specificity (Fig. S1 in the Supplementary 
Appendix).58,59

Analgesia and Wound Management

A clinician should first consider analgesic agents 
to address the severe pain that accompanies 
calciphylaxis. Adequate pain relief can be chal-
lenging because the pain may be unresponsive 
to high-dose opioids, and opioid toxicity may 
develop.11 Concomitant treatment with gabapen-
tin, ketamine, or the application of spinal anes-
thetic agents is used in refractory cases.11

The primary goals of wound care are to re-
move exudate and necrotic tissue and prevent 
infection. Calciphylaxis wounds are particularly 
complicated because the ischemic tissue bed 
often heals poorly. Moreover, the lesions are ex-
tremely painful, making débridement difficult; 
thus, collaboration with a plastic surgeon and a 

Figure 3. An Interdisciplinary Approach to the Management of Calciphylaxis.

A stepwise process for the diagnosis and therapy of calciphylaxis under-
scores the potential benefits of interdisciplinary collaboration. 

Prompt evaluation by a dermatologist
or a wound specialist

Formulation of treatment plan with an interdisciplinary approach
(experts in dermatology, nephrology, nutrition, pain

and palliative medicine, plastic surgery, and wound care)

A potential case of calciphylaxis

Classic presentation Atypical presentation

Skin biopsy

Imaging studies, if biopsy is negative

Diagnosis established

Possible referral for participation
in clinical trials and registries

Treatment, typically including analgesics, wound care, proper
nutrition, elimination of iatrogenic factors (e.g., warfarin),
and aggressive treatment of predisposing conditions

Other treatments to consider: sodium thiosulfate, bisphospho-
nate, and hyperbaric oxygen

Warfarin-induced skin necrosis

Atherosclerotic vascular disease

Venous stasis ulcer

Cellulitis

Cholesterol embolization

Dystrophic calcinosis cutis

Livedoid vasculopathy

Nephrogenic systemic fibrosis

Oxalosis

Pyoderma gangrenosum

Purpura fulminans

Necrotizing vasculitis

Martorell’s ulcer

Table 2. Differential Diagnosis of Calciphylaxis.
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pain specialist is beneficial. Retrospective studies 
have suggested improved survival among patients 
who underwent operative débridement.2,14 How-
ever, patients who can tolerate débridement may 
be healthier than those who cannot, possibly ac-
counting for the difference in survival. Corrobo-
rating data from prospective, controlled studies 
are lacking. Operative débridement accompanied 
by negative-pressure wound therapy is recom-
mended for infected wounds and large necrotic 
areas with drainage, but such therapy can result 
in defective soft tissue lined by marginally viable 
tissue, requiring further excision. Once the wound 
has stabilized and granulation tissue is present, 
split-thickness skin grafting may be performed 
to close the wound.

Transcutaneous oxygen tension is reduced at 
lesion sites.60 In a retrospective study involving 
34 patients with predominantly peripheral dis-
ease, hyperbaric oxygen therapy was associated 
with complete healing in half the patients after 
44 sessions of therapy administered over a period 
of 2 months.61 These findings provide support 
for the use of hyperbaric oxygen, particularly in 
patients with peripheral lesions.61 Attention to 
nutritional status is necessary to prevent or treat 
protein–energy wasting.62 There is no indication 
for prophylactic use of antibiotics.

Elimination of Risk Factors

Hypercalcemia and hyperphosphatemia should be 
corrected. Intake of vitamin D and calcium (in-
cluding calcium-based phosphate binders) should 
be eliminated, and high levels of dialysate cal-
cium should be avoided. The optimal PTH level 
for patients with calciphylaxis is unknown; 
however, extreme values (high and low) should 
be avoided. In a randomized trial involving more 
than 3500 patients being treated with hemodialy-
sis, the administration of cinacalcet (a calcimi-
metic agent) decreased the median PTH level from 
approximately 690 pg per milliliter to 300 pg per 
milliliter.63 Adverse-event analyses in that trial 
showed a reduced incidence of calciphylaxis (un-
adjusted relative hazard, 0.31; 95% confidence 
interval, 0.13 to 0.79) in the cinacalcet group. 
The low event rate for calciphylaxis in both study 
groups (0.3% [6 patients] in the cinacalcet group 
and 0.9% [18 patients] in the placebo group) pre-
cluded detailed analyses; furthermore, this trial 
did not address the role of cinacalcet once calci-

phylaxis is present. However, the possibility that 
a calcimimetic agent is helpful warrants further 
prospective examination in both preventive and 
treatment studies. Considering the risks associat-
ed with parathyroidectomy, including irreversible 
reduction of PTH levels and the hungry bone 
syndrome, requiring calcium and calcitriol, a 
calcimimetic agent is preferable to parathyroid-
ectomy, the latter being reserved for refractory 
cases.64

In patients with ESRD, increasing the length 
or frequency of dialysis sessions may accelerate 
wound healing.65 Intensified hemodialysis (be-
yond the regular regimen of 4-hour sessions three 
times weekly) is warranted for treating bone and 
mineral abnormalities, including severe hyper-
phosphatemia, hypercalcemia, and hyperpara-
thyroidism. A transition to hemodialysis is rec-
ommended for patients being treated with 
peritoneal dialysis, since hemodialysis may ac-
celerate wound healing, presumably through bet-
ter control of mineral metabolism.26 A complete 
resolution of calciphylaxis in patients with ESRD 
has been achieved with kidney transplantation66; 
however, transplantation is not a feasible treat-
ment option for all such patients.

Iatrogenic factors, including treatment with 
warfarin, should be identified and discontinued, 
and best practices for the treatment of predis-
posing conditions should be instituted. If subcu-
taneous injections cannot be avoided, injection 
sites should be rotated to minimize repetitive 
trauma to one location.

Pharmacotherapeutic Agents

Sodium thiosulfate is an agent with antioxidant 
and vasodilatory properties that also inhibits adi-
pocyte calcification and blocks the ability of 
adipocytes to induce calcification of vascular 
smooth-muscle cells.48,53 In a study involving 53 
hemodialysis-dependent patients with calciphy-
laxis who were treated with intravenous sodium 
thiosulfate (three times per week [with each 
dialysis session] for approximately 3 months), 
calciphylaxis completely resolved in 26% of the 
patients, and 19% had marked improvement in 
skin lesions.67 In another study, involving 27 pa-
tients being treated with dialysis, complete re-
mission was observed in 52% of the patients and 
partial remission in 19% after treatment with 
intravenous sodium thiosulfate.18 Lack of a con-
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trol group and the retrospective nature of the 
study preclude definitive conclusions regarding 
the effectiveness of sodium thiosulfate.

Although successful use of sodium thiosulfate 
for the treatment of calciphylaxis was first re-
ported more than a decade ago, only now are 
two ongoing trials investigating its safety and 
efficacy (Current Controlled Trials number, 
 ISRCTN73380053; and ClinicalTrials.gov number, 
NCT03150420). Nevertheless, sodium thiosulfate 
is frequently used to treat calciphylaxis. A typical 
dose is 25 g in 100 ml of solution given intrave-
nously three times a week during the last 30 to 
60 minutes of hemodialysis. The optimal dura-
tion of the treatment course is unclear. Pharma-
cokinetic simulations may be used to estimate 
the dose for hemodialysis at various levels of 
intensity.68 The dosing for patients undergoing 
peritoneal dialysis, patients who are not being 
treated with dialysis, and children is less stan-
dardized. Adverse effects include volume over-
load, hypocalcemia, QT-interval prolongation, hy-
potension, and metabolic acidosis. These adverse 
effects can be avoided with intralesional admin-
istration, which may be an alternative approach 
for patients with early and limited disease.69

Bisphosphonates are pyrophosphate analogues 
that have been used successfully to treat patients 
with genetic ENPP1 deficiency.70 In a prospective 
series of 11 patients, bisphosphonates halted the 
progression of lesions in all the patients starting 
at 2 to 4 weeks after treatment initiation.71 Fur-
ther investigation of bone-vascular cross-talk is 
needed to understand the role of bisphospho-
nates and other agents that modify bone (e.g., 
receptor activator of nuclear factor-κB ligand 
inhibitor and antisclerostin antibody).

Decisions regarding anticoagulation therapy 
should be individualized after an assessment of 
the risk of bleeding versus the risk of thrombo-
sis. If ongoing anticoagulation therapy is favored, 
the selection of an agent should be based on the 
patient’s kidney function and the indication for 
anticoagulation.72

In a study involving patients 60 to 80 years of 
age, vitamin K1 supplementation (phylloquinone 
at a dose of 500 μg per day) slowed the progres-
sion of preexisting coronary-artery calcification 
by 6% at 3 years of follow-up.73 In healthy post-

menopausal women, vitamin K2 supplementa-
tion (menaquinone-7 administered at a dose of 
180 μg daily for 3 years) reduced aortic stiffness 
(measured as carotid–femoral pulse wave veloc-
ity with the use of mechanotransducers) and 
common carotid-artery stiffness (measured ac-
cording to the stiffness index β with the use of 
echotracking and oscillometry).74 Moreover, vita-
min K1 supplementation (phytonadione adminis-
tered at a dose of 2 mg daily for 12 months) 
slowed the progress of aortic-valve calcification 
(measured by means of computed tomography) 
by 57%, as compared with placebo, in patients 
with mild-to-moderate aortic stenosis.75 The ef-
ficacy of vitamin K supplementation for calci-
phylaxis, however, is unclear, with no support for 
the superiority of a specific form of vitamin K 
(K1 or K2). A proof-of-concept study of vitamin K1 
supplementation (10 mg administered orally three 
times weekly after hemodialysis) is currently 
under way (NCT02278692).

Summ a r y a nd Fu t ur e Dir ec tions

Calciphylaxis is a complex disorder of microvas-
cular calcification that is typically manifested as 
painful cutaneous lesions and results in poor 
outcomes. Currently, there are no approved thera-
pies for calciphylaxis; however, ongoing trials 
are examining end points that include pain in-
tensity and lesion characteristics. Although some 
risk factors for calciphylaxis are now better under-
stood, animal models that recapitulate this rare 
human condition would be helpful to gain a 
better understanding of pathogenesis and to test 
novel therapeutic agents.
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