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Abstract

Calciphylaxis is a rare but devastating condition that has continued to challenge the medical 

community since its early descriptions in the scientific literature many decades ago. It is 

predominantly seen in chronic kidney failure patients treated with dialysis (uremic calciphylaxis) 

but is also described in patients with earlier stages of chronic kidney disease and with normal renal 

function. In this In Practice feature, we review the available medical literature regarding risk 

factors, diagnosis, and treatment of both uremic and non-uremic calciphylaxis. High quality 

evidence for the evaluation and management of calciphylaxis is lacking at this time due to its rare 

incidence, poorly understood pathogenesis, and the relative paucity of collaborative research 

efforts. We hereby provide a summary of recommendations developed by the Massachusetts 

General Hospital's Multi-disciplinary Calciphylaxis Team for calciphylaxis patients.
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Introduction

Calciphylaxis is a rare and highly morbid condition that has continued to challenge the 

medical community since its early descriptions.1-4 Calciphylaxis predominantly affects 

chronic kidney failure patients treated by dialysis.5,6 However, calciphylaxis is not limited 

to patients treated by dialysis and also occurs in patients with normal kidney function and in 

those with earlier stages of chronic kidney disease (referred to as non-uremic 

calciphylaxis).7-10 Both uremic and non-uremic calciphylaxis are associated with significant 
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morbidity and mortality. The morbidity is related to severe pain, non-healing wounds, 

recurrent hospitalizations, and to adverse effects of treatments. The one-year mortality in 

calciphylaxis patients is reported at 45-80% with ulcerated lesions associated with higher 

mortality compared to non-ulcerated lesions and sepsis being the leading cause of 

death.11-13 Mortality rates in chronic hemodialysis patients with calciphylaxis were almost 3 

times higher than for chronic hemodialysis patients without calciphylaxis in the United 

States Renal Data System.14 Some studies also report that the incidence of calciphylaxis is 

increasing in dialysis population; however, whether this is truly an increase in incidence or 

enhanced awareness remains unclear.11,14,15

Calciphylaxis clinically presents with severe painful skin lesions (livedo reticularis, 

reticulate purpura, violaceous plaques, or indurated nodules) that demonstrate poor healing 

and are frequently complicated by blistering and ulcerations with superimposed infections 

(Figure 1).7,16,17 Ulcerated lesions commonly demonstrate black eschar. Although, skin 

manifestations dominate the clinical presentation, patients have been reported to have 

vascular calcifications in skeletal muscle, brain, lungs, intestines, eyes, and mesentery.18-24 

In this regard, calciphylaxis can be considered as a continuum of a systemic process leading 

to arterial calcification in many vascular beds.25 Histologically, calciphylaxis is 

characterized by calcification, microthrombosis, and fibrointimal hyperplasia of small 

dermal and subcutaneous arteries and arterioles leading to ischemia and intense septal 

panniculitis (Figure 2).26-28 Calcification most commonly involves the medial layer of small 

arteries and arterioles; however, involvement of the intimal layer and the interstitium of 

subcutaneous adipose tissue has been reported.17 Calcification is considered to be an early 

and essential process in calciphylaxis plaque development and it is hypothesized that the 

vascular calcification leads to vascular endothelial dysfunction and injury.29-31 Despite the 

well characterized clinical and histological descriptions of calciphylaxis, its exact 

pathogenesis remains unclear and there is limited data regarding the diagnostic and 

therapeutic approaches for this devastating condition.

In this In Practice feature, we review the available medical literature regarding risk factors, 

diagnosis, and treatment of calciphylaxis. We would like to stress upon the readers that the 

rare incidence of calciphylaxis combined with its poorly understood pathogenesis, and 

relative paucity of collaborative research efforts have imposed significant limitations for 

development of high quality evidence for calciphylaxis. We provide a summary of 

recommendations to evaluate and manage calciphylaxis patients developed by the 

Massachusetts General Hospital's Multi-disciplinary Calciphylaxis Team. The molecular 

basis of vascular calcification and hypotheses for calciphylaxis pathogenesis are outside the 

scope of this review and we refer the readers to excellent articles on this topic by Dr. 

Weenig,32 Dr. Hayden,33 and Dr. Moe.25

Historical Perspectives and Terminology

Professor Hans Selye and his colleagues coined the term calciphylaxis in 1961.1,34-36 Selye 

conducted laboratory experiments in rats to induce generalized subcutaneous soft tissue 

calcification by applying a 2-step process interrupted by a “critical time” period: 1) 

“Sensitization” by agents such as parathyroid extract, high dose vitamin D, high 
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phosphorous diet, or induction of renal failure followed by, 2) Application of a “challenging 

agent” such as local trauma, egg albumin, or metallic salts (Figure 3). Development of 

cutaneous calcification in this animal model was thought to be an adaptive or phylactic 

reaction and was referred to as calciphylaxis (portmanteau of calcification and phylaxis).

Within a few years after these experimental descriptions of calciphylaxis by Selye, 2 case 

reports were published that described patients with renal failure who developed widespread 

subcutaneous calcifications.2,4 The presence of renal failure leading to secondary 

hyperparathyroidism was considered as a “sensitizing agent” by authors of these reports and 

they speculated that iron therapy or local trauma may have served as “challenging agents.” 

The authors astutely drew parallels between these human presentations and Selye's 

experimental model, and diagnosed these patients as having calciphylaxis. Subsequent 

reports of a similar nature in the medical literature used the term calciphylaxis, a practice 

that continues even today.

It is important to understand the key differences between experimental calciphylaxis in 

Selye's experimental model and human calciphylaxis. First and foremost, the animals in 

experimental calciphylaxis did not develop small artery or arteriolar calcifications although 

extensive soft tissue calcifications were present. Secondly, the animals in experimental 

calciphylaxis were able to cast off the calcified skin molt and replace it with new dermis that 

did not have any features of calciphylaxis (Figure 3). Thirdly, experimental calciphylaxis 

was prevented by administration of glucocorticosteroids, a fact that contradicts the available 

data in human calciphylaxis.9,12,37

The differences between experimental calciphylaxis and human calciphylaxis, as well as a 

widely accepted recognition that calciphylaxis is not a hypersensitivity reaction, has led 

some authors to propose descriptive terms such as calcific uremic arteriolopathy for human 

calciphylaxis.17,38,39 Although descriptive terms incorporate pathological implications in a 

truer sense than calciphylaxis, it is important to take into account the ubiquitous use of 

calciphylaxis term in the medical community. Thus, our preference is to use the term 

calciphylaxis when referring to calciphylaxis patients on dialysis and non-uremic 

calciphylaxis to refer to patients with normal kidney function and those with earlier stages of 

CKD.9

Risk Factors

Many case reports, case series, and observational studies have been published to understand 

risk-associations for calciphylaxis and in recent years there has been a significant increase in 

publications on calciphylaxis (Figure S1). Table 1 provides a summary of case-control 

studies conducted to understand the risk factors for calciphylaxis. It is important to 

recognize that the study populations in terms of case and control definitions have been 

heterogeneous and these studies suffer from limitations of small sample size, single center 

experience, and selection bias. Furthermore, like any other epidemiological study, these 

investigations do not determine causality.
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Chronic Kidney Disease-Mineral Bone Disease (CKD-MBD) axis abnormalities

Hyperphosphatemia, elevated calcium phosphorous product, hypocalcemia, 

hyperparathyroidism, and vitamin D deficiency are prevalent in dialysis patients.40 

Calciphylaxis has been traditionally considered as a manifestation of severely dysregulated 

calcium-phosphorous metabolism in dialysis patients due to the high prevalence of mineral 

bone abnormalities, the frequent use of pro-calcification treatments (such as calcium salts 

and vitamin D), and the original description of parathyroid hormone, and vitamin D as 

sensitizing agents in Selye's model.39 However, it is important to take into account that 

despite the high prevalence of mineral bone abnormalities in dialysis patients, calciphylaxis 

is a rare disease and a number of reports in the literature describe dialysis patients who 

developed calciphylaxis despite the absence of significant mineral bone laboratory 

abnormalities.5,41 Relatively normal or even low serum calcium and serum phosphorous 

levels are possible at the time of calciphylaxis diagnosis due to tissue deposition of these 

divalent ions underlining the importance of longitudinal data review.31,42 Furthermore, 

serum parathyroid hormone levels below 100 pg/mL may be indicative of adynamic bone 

disease, an independent risk factor for vascular calcification.43

In our opinion, although the role of dysregulated calcium- phosphorous metabolism as a risk 

factor for calciphylaxis cannot be overlooked and requires further investigation in larger 

observation studies, it is not the sole risk factor for calciphylaxis.

Demographic factors

Calciphylaxis is most commonly reported in patients in the 5th decade of life; however it has 

also been described in patients significantly younger including children.44,45 Calciphylaxis 

is more commonly seen in women compared to men with a 2:1 female predominance.12,15,46 

Calciphylaxis in our experience and as reported in the literature is also more common in 

whites compared to non-whites.12,15,41,46 The biological explanation for these observations 

is unclear.

Co-morbid conditions

1. Diabetes mellitus is a frequently reported co-morbidity in patients with 

calciphylaxis.11,47 However, no data are available regarding whether diabetes 

control or duration affects calciphylaxis risk.

2. Obesity is reported as a risk factor for proximal calciphylaxis (involving trunk, 

thighs, breasts, etc); although reasons for predilection for adipose tissue 

involvement remain speculative.41 The fibroelastic septa that anchor the skin to the 

body provide scaffolding for dermal arterioles. Obesity, due to expansion of the 

subcutaneous compartment by adipose tissue, subjects these septa and arterioles to 

increased tensile stress, further reducing the blood flow in already calcified 

arterioles in dialysis patients.31 Whether obesity is a risk factor for distal 

calciphylaxis (e.g. forearms, hands, feet, etc.) remains unknown.

3. Calciphylaxis has been reported in patients with autoimmune conditions such as 

systemic lupus erythematosus, anti-phospholipid antibody syndrome, temporal 

arteritis, and rheumatoid arthritis raising the possibility of a potential role for 
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autoimmunity in its development.48 Furthermore, treatments used to manage 

autoimmune conditions such as corticosteroids, methotrexate, and ultraviolet light 

have been implicated as potential triggers for calciphylaxis.48,49

4. Hypercoagulable conditions may predispose patients to calciphylaxis. There are 

case reports of calciphylaxis in patients with both hereditary and acquired 

thrombophilic conditions such as protein C and protein S deficiency, antithrombin 

III deficiency, cryofibrinogenemia, and anti-phospholipid antibody syndrome.50-53 

However, arguments against the potential causative role of hypercoagulable 

conditions have also been made. In a case control study of 49 uremic calciphylaxis 

patients and 98 control patients on dialysis, no significant difference between cases 

and controls for protein C activity, protein S antigen, or antithrombin III activity 

were noted.12 Thrombi formation in venules that are frequently noted in patients 

with thrombophilic conditions are not seen in calciphylaxis patients.54 Despite 

these arguments, evaluation for thrombophilic conditions in calciphylaxis patients 

should be considered since it has important treatment implications.

5. Infectious, autoimmune, and alcoholic hepatitis have been reported as risk factors 

for calciphylaxis.12,55 Calciphylaxis in the setting of liver disease is thought to be 

mediated via either inflammation or acquired thrombophilia from protein C or 

protein S deficiency.

6. Longer dialysis vintage of over 6-7 years has been reported as a risk factor for 

calciphylaxis.56 However, like most risk factors associated with calciphylaxis, this 

relationship has been inconsistent across studies and there are reports in the 

literature of patients with significantly shorter dialysis vintage developing 

calciphylaxis.15,57 In a large cohort of uremic calciphylaxis patients, median 

dialysis vintage was 3.1 years.47

7. Hypoalbuminemia in dialysis patients can result from a variety of conditions 

including poor nutrition and inflammation. Multiple case-control studies report 

lower albumin levels in calciphylaxis patients when compared to dialysis patients 

without calciphylaxis.15,41,58,59 However, methodological limitations of these 

studies restrict conclusions regarding whether hypoalbuminemia is pathogenic, or 

whether it is merely a marker of malnutrition or chronic inflammation, or whether 

it is a result of calciphylaxis itself.

Medications

Calcium supplements, calcium-based phosphate binders, active vitamin D, warfarin, 

corticosteroids, iron therapy, and trauma related to subcutaneous insulin or heparin 

injections have been associated with increased calciphylaxis risk.11,12,15,59-62

Warfarin, a vitamin K antagonist, has been used for many years as an anticoagulant due to 

its properties to inhibit the carboxylation and activation of vitamin K-dependent clotting 

factors. Recent reports indicate that endogenous inhibitors of vascular calcification such as 

Matrix Gla Protein are also vitamin K-dependent for their activation.63 Patients on warfarin 

therapy may not be able to inhibit vascular calcification due to a reduction in the active 
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forms of these proteins. The studies investigating the association of warfarin use and 

calciphylaxis suffer from the same methodological limitations as those described above for 

other risk factors and have been inconsistent. However, the warfarin-calciphylaxis 

association is intriguing as it provides a unique opportunity to understand the biological role 

of vitamin K in calciphylaxis. A pilot clinical trial to investigate the role of vitamin K in 

calciphylaxis is currently underway (NCT02278692).

Diagnosis and Evaluation

A high index of clinical suspicion is required for early and accurate diagnosis of 

calciphylaxis. Table 2 provides a summary of clinical mimics of calciphylaxis.

Clinical Features

Clinical characteristics of calciphylaxis skin lesions can be variable (Figure 1). Intense pain 

associated with cutaneous lesions and palpation of firm calcified subcutaneous tissue is 

suggestive of calciphylaxis in dialysis patients and in patients with other risk factors for 

calciphylaxis.16,17

A detailed history focused on the proposed risk factors should be obtained. A thorough 

physical examination should be performed to identify additional skin lesions. In patients on 

warfarin therapy, distinction should be made between warfarin necrosis and calciphylaxis 

(Table 2). 64

Skin biopsy

Definitive diagnosis of calciphylaxis requires a skin biopsy and should be considered 

whenever the calciphylaxis diagnosis is entertained. The following issues related to skin 

biopsy need attention: 1) Discussion of risks and benefits of skin biopsy is essential. 

Possible risks include ulceration, superimposed infection, propagation of new lesions, 

bleeding, and induction of necrosis. Benefits include exclusion of other conditions that can 

mimic calciphylaxis (Table 2),17 2) In the hands of an experienced dermatologist or surgeon 

the potential yield can be maximized, 3) A punch or telescoping biopsy (4-5 mm deep) from 

the lesion margin or deep incisional wedge skin biopsy are likely to have the best yield.65 In 

our experience, a punch biopsy is safer and is a preferred approach over an incisional 

biopsy. In general, biopsy at the center of the ulcer or of necrotic area is of low diagnostic 

yield.

The characteristic histological features of calciphylaxis include calcification, 

microthrombosis, and fibrointimal hyperplasia of small dermal and subcutaneous arteries 

and arterioles leading to cutaneous ischemia and intense septal panniculitis (Figure 2).26-28 

Detection of micro-calcification often requires special stains such as von Kossa or Alizarin 

red. Performing both von Kossa and Alizarin red stains may increase the detection of 

calcium deposits over individual stain alone and should be considered when the clinical 

suspicion is high but calcium deposits are not readily apparent on routine histological 

sections.28 The exact sequence of events in calciphylaxis pathogenesis remains to be 

determined but the arteriolar calcification is likely the first event, followed by thrombosis, 

and skin ischemia.29,30
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Radiological tests and biomarkers

Non-invasive imaging tools (e.g. plain X-rays, nuclear bone scans) and circulating fetuin A 

levels have been reported to aid in the diagnosis of calciphylaxis.66-69 However, none of 

these tools have been systematically evaluated and are not recommended for clinical use at 

this time.

Laboratory evaluation

Laboratory evaluation should be conducted to further evaluate potential risk factors: 1) 

Renal function evaluation- serum blood urea nitrogen, creatinine, and estimated glomerular 

filtration rate (urinalysis, urine protein: creatinine ratio, and 24 hour urine collection for 

creatinine clearance to be considered for non-dialysis patients), 2) Mineral bone parameters 

evaluation- serum calcium, phosphorous, alkaline phosphatase, intact parathyroid hormone, 

and 25-hydroxyvitamin D, 3) Liver evaluation-serum transaminases, alkaline phosphatase, 

and albumin, 4) Infection evaluation-complete blood count with differential (in all cases), 

and blood cultures (if leukocytosis or fever present), 5) Coagulation evaluation- prothrombin 

time, international normalized ratio, and partial thromboplastin time, 6) Inflammation 

evaluation- serum high sensitivity C-reactive protein and albumin, 7) Hypercoagulation 

evaluation- protein C, protein S, antithrombin III, and antiphospholipid antibody, and 8) 

Evaluation for autoimmune disease and malignancy as guided by the clinical suspicion.

Treatment

In our experience, a multi-disciplinary and multi-interventional approach involving input 

from the following disciplines is important: nephrology, dermatology, dermatopathology, 

wound or burn center, nutrition, and pain management. Input should be obtained as soon as 

the diagnosis of calciphylaxis is suspected to formulate a comprehensive and consistent 

management plan.

Multiple interventions have been described in the management of calciphylaxis;70 however, 

the overall quality of evidence is poor and data mostly come from retrospective cohort 

studies, case series, and case reports. At present, there is no published data from a 

randomized controlled trial that addresses any of the proposed interventions. Treatment 

recommendations are largely an expert opinion based on the clinical experience and 

available observational published data. A summary of our approach to calciphylaxis 

treatment is provided in Box 1 and is described below.

Wound management

Wound or burn center and dermatology teams should be consulted for recommendations 

regarding dressings and need for surgical debridement.71,72 The goals of wound care are to 

control exudate, prevent infection, facilitate wound healing, and to keep the wound bed free 

of necrosed devitalized tissue.

Surgical wound debridement is a controversial procedure for calciphylaxis.72,73 In our 

experience, surgical debridement should be considered on a case-by-case basis as evidence 

suggest wounds with non-infected, stable, and dry eschar with limited tissue involvement 
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are better managed with chemical debridement than surgical debridement.74,75 The aim of 

surgical debridement involves removal of necrosed tissue (without interfering with the 

adjacent healthy tissue) to facilitate wound healing. This is best achieved by surgeons who 

are highly experienced in managing complex wounds. A retrospective analysis of 63 

calciphylaxis cases from Mayo Clinic showed a 1-year survival rate of 61.6% for patients 

who underwent surgical debridement compared to 27.4% for those who did not, though the 

patients were not matched for disease severity or systemic illness.12 Deep ulcer shaving 

combined with split-thickness skin transplantation has been described in the management of 

distal calciphylaxis.76

Considering that the primary cause of mortality is sepsis, infected calciphylaxis lesions may 

require surgical debridement. Typically, serial wound debridement combined with negative 

pressure wound therapy to facilitate healthy granulation bed formation that can then be 

closed with a split thickness skin graft is what we consider at our center. Back grafting of 

the donor site with widely meshed skin (4:1) as described for burn management may 

facilitate donor site healing and prevent Koebner response at donor sites.77 The surgical 

debridement of necrotic eschar caused by calciphylaxis, when not infected, often depends on 

the involved tissue burden. Large necrotic areas may not heal with conservative treatment 

and may present a higher infectious risk.

Hyperbaric oxygen therapy has been proposed in calciphylaxis wound management.78-80 In 

our experience, claustrophobia, access to treatment, and cost can be significant limiting 

factors for hyperbaric oxygen therapy, and we recommend this as a second line therapy to 

facilitate healing of recalcitrant calciphylaxis wounds.70 Sterile maggot therapy with larvae 

of the greenbottle fly, Lucilia sericata, has also been described as a second line therapy for 

calciphylaxis but experience is limited to case reports.81,82

Although antibiotics are not routinely indicated in calciphylaxis, we recommend a low 

threshold for antibiotic initiation, as guided by the clinical appearance of lesions and 

accompanying systemic features.

Pain management

Pain management is one of the most challenging aspects of calciphylaxis and many patients 

report severe pain despite administration of potent analgesics.83 The exact etiology of pain is 

unclear and is thought to be ischemic in origin but there may be a neuropathic component 

associated with nerve inflammation.84 Opioid analgesics are typically required to control 

severe pain, but morphine, codeine, and hydrocodone should be avoided in dialysis patients 

due to accumulation of neurotoxic metabolites.85,86 Oxycodone and hydromorphone can be 

used in patients with renal insufficiency but require close monitoring for side effects.85,86 

Limited experience suggests multimodal analgesia combining opioids with non-opioid 

adjuvants, such as neuropathic agents, and ketamine, may improve symptomatic 

management of calciphylaxis.84 Use of non-steroidal anti-inflammatory drugs may be 

limited in patients with renal dysfunction. Because of severity, and complexity of pain in 

this population, pain medicine and palliative care teams play a critical role in calciphylaxis 

management.
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Modification of risk factors

CKD-MBD axis abnormalities—In our opinion, serum calcium and phosphorous levels 

should be maintained in the normal range and serum parathyroid hormone level should be 

maintained between 150-300 ng/mL. Calcium supplements and high dialysate calcium bath 

should be avoided and limited evidence supports administration of non-calcium based 

binders over calcium-based binders for management of hyperphosphatemia in patients with 

calciphylaxis.60,87-90 Cinacalcet is preferred to treat secondary hyperparathyroidism over 

vitamin D analogues in patients with calciphylaxis who have hypercalcemia and/or 

hyperphosphatemia.91-93 In the Evaluation of Cinacalcet Hydrochloride Therapy to Lower 

Cardiovascular Events (EVOLVE) trial that randomized 3,883 dialysis patients to either 

cinacalcet or placebo, a reduced risk of calciphylaxis was observed in the cinacalcet arm (6 

vs. 18 events, P=0.009);94 however, the low event rate limits ability to draw conclusions 

regarding cinacalcet's benefit. Furthermore, whether cinacalcet treatment after calciphylaxis 

diagnosis alters the disease course remains unclear. We prefer cinacalcet over surgical 

parathyroidectomy considering potential risks of surgical wound infection, hungry bone 

syndrome, and adynamic bone disease associated with surgical parathyroidectomy.95 

Furthermore, data on survival after surgical parathyroidectomy in calciphylaxis patients are 

retrospective and inconclusive.96-98 In all cases of calciphylaxis, excessive suppression of 

parathyroid hormone especially below 100 ng/mL should be avoided.99

Management of other risk factors—At present there are limited to no data to support 

whether discontinuation or minimization of potential triggers such as warfarin, trauma 

related to subcutaneous injections (e.g. insulin), and iron compounds leads to improvement 

in calciphylaxis outcomes.47 However, considering the morbidity and mortality associated 

with calciphylaxis and available epidemiological data that link these factors to calciphylaxis 

development, we recommend careful risk-benefit analyses for continuing therapies such as 

warfarin and iron. Particularly regarding warfarin, since alternate anticoagulation options are 

highly limited in dialysis patients, the decision regarding warfarin is not an easy one when a 

hypercoagulable condition is identified as a calciphylaxis risk factor or when the patient has 

other indications for anticoagulation. For insulin or subcutaneous heparin injections, rotating 

injection sites and avoiding trauma at lesion sites is recommended. For patients who are on 

immunosuppressive therapies that delay wound healing, appropriate alternate 

immunosuppressive agents that do not affect wound healing should be used.

Dialysis modality and dialysis prescription

Dialysis prescription should be optimized to achieve the recommended K/DOQI goals of 

dialysis adequacy.100 Intensifying dialysis by increasing duration or frequency has been 

described.71 In the absence of confirmatory data to support, we do not routinely recommend 

intensification of dialysis beyond the goals of dialysis adequacy.

In the literature, peritoneal dialysis is described to confer higher calciphylaxis risk when 

compared to hemodialysis;11,101 however, experience at our center is not consistent with this 

observation and we do not routinely transition patients from peritoneal dialysis to 

hemodialysis for calciphylaxis management.
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Nutrition management

We recommend a nutrition consult to address malnutrition that is frequently present in 

calciphylaxis patients. If patients are not able to improve dietary intake then consideration 

should be given to nutrition via gastric tube and parenteral nutrition;54,102 however, 

evidence to support these interventions is lacking.

Sodium thiosulfate

Intravenous sodium thiosulfate is probably the most common intervention used to treat 

calciphylaxis (off-label indication).47,75,103-105 It is a reducing agent that forms water-

soluble complexes with many metals and minerals. Its use in calciphylaxis was first reported 

over 10 years ago in a case report.106 However, there is no prospective trial data on this 

agent.

We conducted a multi-center retrospective cohort study on this topic in collaboration with 

the investigators from Fresenius Medical Care North America. We systematically evaluated 

the safety of intravenous sodium thiosulfate in 172 hemodialysis patients with 

calciphylaxis.47 Data regarding effects on calciphylaxis lesions were obtained by surveying 

clinicians managing these patients and were available for 53 patients. Sodium thiosulfate 

was most frequently administered as 25 g intravenously in 100 ml of normal saline given 

over the last half-hour of each hemodialysis session and this is the currently recommended 

dose for an average 70 kg person who is on three times a week hemodialysis. Overall, 

intravenous sodium thiosulfate was well tolerated in this study. Notable side effects include 

nausea, vomiting, metabolic acidosis, hypotension, and volume overload.47,107-109 These 

side effects sometimes warrant dose modification or discontinuation. In our study, among 

surveyed patients, calciphylaxis improved in over 70% of patients (resolution or 

improvement); however, survey bias and other limitations of any retrospective study of this 

nature need to be acknowledged and at present, the best conclusion regarding sodium 

thiosulfate efficacy is that it remains unclear.110 This is further complicated by an elusive 

mechanism of action of sodium thiosulfate as recent investigations question the previously 

believed calcium-chelating properties of sodium thiosulfate and instead point toward direct 

vascular calcification inhibitory effects, antioxidant, and vasodilatory properties.111-113 It is 

also unclear what the optimal duration of sodium thiosulfate treatment is. In our experience, 

improvement in pain within 1-2 weeks after initiation of sodium thiosulfate is an important 

predictor of long-term response.

A few additional issues regarding sodium thiosulfate deserve mention. First, its dose needs 

adjustment if the patient is on more frequent dialysis or on continuous renal replacement 

therapies (Table 2).114 For patients who weigh less than 60 kg, we suggest reducing the dose 

to 12.5 gram to reduce the incidence of adverse events. Intra-peritoneal administration of 

sodium thiosulfate should be avoided due to risks of chemical peritonitis.115,116 Intra-

lesional sodium thiosulfate has also been described to aid in the resolution of calciphylaxis 

lesions.117
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Other treatments

A number of other treatments have been described in case reports and small case series that 

may have a potential role in the treatment of calciphylaxis. These include bisphosphonates, 

low-dose tissue plasminogen activator infusion, LDL-apheresis, vitamin K, and kidney 

transplantation.51,118-125 In our opinion, these modalities may be considered on a case-by-

case basis taking into account the cost, availability, and patient-related factors with clear 

understanding of the limitations of the available data.

Non-uremic calciphylaxis

In a systematic review of 36 non-uremic calciphylaxis cases, primary hyperparathyroidism, 

malignancies, autoimmune disease, diabetes mellitus, and alcoholic liver disease were the 

most notable associated co-morbidities.9 Although none of the patients in this review had 

chronic renal failure requiring dialysis, reported renal function varied with 42% of patients 

with serum creatinine ≤1.2 mg/dL, 6 % with serum creatinine 1.3-1.5 mg/dL, 14% with 

1.6-2.5 mg/dL, and 8% with 2.6-3.0 mg/dL. In 30% of the cases, authors did not report 

serum creatinine. In this systematic review, warfarin and corticosteroid use was present in 

25% and 61% of cases respectively. In addition, case reports describe non-uremic 

calciphylaxis as a complication of Hodgkin's lymphoma, teriparatide therapy, gastric bypass 

surgery, and hypoparathyroidism.10,37,126-128

Skin lesions of non-uremic calciphylaxis have similar morphology as uremic calciphylaxis 

and have been described in both proximal and distal distributions. Same diagnostic and 

evaluation considerations discussed for uremic calciphylaxis apply to non-uremic 

calciphylaxis.

Data on treatment of non-uremic calciphylaxis are very limited. Successful resolution of 

non-uremic calciphylaxis with intravenous and intra-lesional sodium thiosulfate and 

bisphosphonate has been described.117,129,130 At our center, we treat non-uremic 

calciphylaxis patients with intravenous sodium thiosulfate 12.5 or 25 grams administered 4 

to 5 days of the week in isolation or in conjunction with weekly intralesional sodium 

thiosulfate. The optimal treatment duration remains unclear.

Case resolution

The patient described at the beginning of this article underwent a systematic assessment for 

calciphylaxis risk factors. The potential risk factors were female gender, diabetes mellitus, 

long dialysis vintage, and low serum albumin. She was seen by a multi-disciplinary 

calciphylaxis team and underwent aggressive wound care, pain management, treatment with 

intravenous sodium thiosulfate, and optimization of her nutrition status. She had initial 

improvement in calciphylaxis lesions over the first 3 months but subsequently developed 

new ulcerated calciphylaxis lesions and died from septic shock.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Box 1

Summary of treatment approach for uremic calciphylaxis

Wound management

-Wound care team should be involved for recommendations regarding selection of 

dressings, chemical debriding agents, frequency of dressing changes, and negative 

pressure wound therapy.

-Surgical wound debridement should be considered on a case-by-case basis.

-Hyperbaric oxygen therapy can be considered as a second line treatment if wounds 

not improving. Claustrophobia, access to treatment, and cost can be significant 

limiting factors of this therapy.70

-Antibiotic administration should be guided by clinical appearance of lesions and 

accompanying systemic features.

Pain management

-Often narcotic analgesics are required to control severe pain associated with 

calciphylaxis.

-Fentanyl may be preferred over morphine to minimize potential hypotension 

episodes associated with morphine.131

Sodium thiosulfate

-Intravenous sodium thiosulfate at doses ranging from 12.5 to 25 grams in the last 30 

minutes of each hemodialysis session for patients on 3 times a week dialysis 

schedule.47 For patients with other hemodialysis prescriptions dose adjustments are 

needed according to published algorithms.114

-Nausea, metabolic acidosis, hypotension, and volume overload are potential adverse 

effects.47,70

-Intra-lesional sodium thiosulfate has been described to aid in the resolution of 

calciphylaxis lesions.117

Management of mineral bone disease

-Serum calcium and phosphorous levels should be maintained in the normal range 

and serum parathyroid hormone level should be maintained between 150-300 ng/mL.

-Calcium supplements, high dialysate calcium bath, vitamin D preparations should 

be avoided and instead cinacalcet to be considered to treat secondary 

hyperparathyroidism in patients with calciphylaxis. Surgical parathyroidectomy is 

indicated in patients with refractory hyperparathyroidism.

-Excessive suppression of parathyroid hormone should be avoided.99

Dialysis prescription
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-Hemodialysis prescription should be optimized to achieve the recommended K/

DOQI goals of adequacy.100

-K/DOQI Clinical Practice Guidelines for Peritoneal Dialysis Adequacy should be 

followed for peritoneal dialysis patients.132

Nutrition management

-Nutrition consult to address protein energy malnutrition should be obtained.

Management of other risk factors

-Risk vs. benefit discussion is needed to decide whether to continue warfarin and 

iron compounds in patients with calciphylaxis
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Case presentation

A 62-year-old obese Caucasian woman is evaluated for an extremely tender right thigh 

skin lesion. She has a long-standing history of end-stage renal disease from uncontrolled 

diabetes mellitus requiring chronic hemodialysis. A skin biopsy demonstrated dermal 

arteriolar calcification and mural thrombosis associated with septal panniculitis 

consistent with a diagnosis of calciphylaxis. Her laboratory data are as follows: serum 

parathyroid hormone (PTH), 160 pg/mL (160 ng/L); serum calcium, 8.1 mg/dL (2.03 

mmol/L); serum phosphorus, 3.9 mg/dL (1.26 mmol/L); serum albumin, 3.2 gm/dL (4.64 

umol/L). Which risk factors and treatment strategies should be considered for further 

evaluation and management?
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Figure 1. Morphology of calciphylaxis lesions
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Figure 2. Histopathology of calciphylaxis
Course basophilic medial calcification of small arteries as demonstrated by Hematoxylin & 

Eosin stain (400×) and highlighted by von Kossa histochemical stain (200×) (Panel A-B). 

Septal panniculitis and subcutaneous fat necrosis with presence of subtle finely granular 

basophilic calcium deposits (400×, Hematoxylin & Eosin, Panel C). A von Kossa 

histochemical stain aids in the detection of interstitial calcium deposits, which may not be 

identified on routine histologic sections (200×, Panel D).
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Figure 3. Professor Selye's experimental calciphylaxis model
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