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Objectives 

 

1. Discuss risk factors and pathogenesis of calciphylaxis in PD 
patients 

 

2. Describe management of calciphylaxis in PD patients 



• 67 years  

 

• ESRD on peritoneal dialysis for 7 

years 

 

• Diabetes mellitus, hypertension, 

coronary artery disease, atrial 

fibrillation (on warfarin), temporal 

arteritis (on prednisone) 

 

Story of Mr. TP 



Work up 
• Serum chemistry: 

• Sodium 131, Potassium 4.8, Chloride 92, HCO3 18, BUN 62, 

Creatinine 5.2 

• Hematology: 

• WBC 6, Hg 9, Platelets 155, INR 2.2, PT 27 

• Mineral bone parameters: 

• Calcium 9.2 (albumin 2.8), Ionized calcium 1.1, Phosphorous 5.4, 

PTH 235, Alkaline phosphatase 112 

• Hypercoagulable work up: 

• Protein C, protein S, Anti-thrombin III activity, Activated protein C 

resistance, HIT panel negative 

• Infection and immunological work up: 

• HIV, Hepatitis panel negative 

• Anti-phospholipid antibody, Cryoglobulins negative 

• Skin biopsy: calciphylaxis 

 



Calciphylaxis is a disorder of microvascular calcification involving subcutaneous 
adipose tissue and dermis leading to painful skin lesions 

Ghosh et al. Int Journal of Dermatology. 2017 

Weenig et al. J Am Acad Dermatol. 2007 
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One-year mortality in calciphylaxis patients 

Calciphylaxis histopathology 

Pain, anorexia, insomnia, 

depression, opiate toxicity  



Question 1: My patients are at a higher risk 
to develop calciphylaxis today compared to 
in the past 

A. Yes 

 

B. No 

 

C. Not sure 

 

https://manage.eventmobi.com/en/ars/results/question/14514/3784
39/4b6a555207fd8968afaa608f2361e51e/ 
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Annual calciphylaxis incidence per 10,000 HD 
patients in the United States Renal Data System  

r = 0.91

p = 0.02
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Nigwekar et al. JGIM. 2014 

Incidence  

(calciphylaxis cases per 1,000 

patient-years) 

Reference 

Historical report (HD and PD) 45 Fine et al, KI 2002 

United States (HD) 3.5 Nigwekar et al, JASN 2016 

Germany (HD and PD) 0.4 Brandenburg et al, NDT 2016 

Japan (HD) <0.1 Hayashi et al, NDT 2013 

EVOLVE trial (HD) 3.0 Floege et al, CJASN 2015 

United States (PD) 9.0 Zhang et al, IJNRD 2016 

Incidence of uremic calciphylaxis 



A national study of calciphylaxis risk factors  
 

• Design: Matched case control study 

• Setting: Large Dialysis Organization 

• Participants: 1,030 cases (diagnosed between 2010 to 2014) and 
2,060 controls (matched on age, sex, and race); all chronic 
hemodialysis patients 

• Analyses: Univariate and multivariable adjusted conditional logistic 
regression analyses; sensitivity analyses restricted skin biopsy 
confirmed cases 

Nigwekar et al. JASN. 2016 



Nigwekar et al. JASN. 2016 

MBD parameters 

Warfarin 



Risk associations for calciphylaxis development in PD 
patients (N=7 cases; 56 controls) 

Zhang et al. Int J Nephrol Renovasc Dis. 2016 



German calciphylaxis registry: majority of patients with uremic 
calciphylaxis had hyperphosphatemia and either suppressed or at goal 
PTH 

Brandenburg et al. NDT. 2016 



May 3, 2018 



A dose-response relationship was noted between number of insulin injections per day (source of 
skin trauma) and risk of central calciphylaxis among HD patients with diabetes mellitus 
 
 

Nigwekar et al. JASN. 2016 



Pathogenesis 
of calciphylaxis 

Nigwekar et al. NEJM. 2018 



Potential biological link between warfarin and calciphylaxis 



Vitamin K deficiency is more prevalent in calciphylaxis patients independent of 
warfarin exposure 

Nigwekar et al. JASN. 2017 



Calciphylaxis is characterized by impaired MGP carboxylation 
 

Nigwekar et al. JASN. 2017 



Calciphylaxis is characterized by impaired MGP carboxylation even in the 
absence of warfarin exposure 
 

Nigwekar et al. JASN. 2017 



Features of clinical mimic Features of calciphylaxis 

Atherosclerotic vascular 

disease 

Symptoms of claudication, weak peripheral pulses, distal distribution, 

abnormal ankle-brachial index 

Can be proximal or distal distribution, severe pain, dermal 

arteriolar calcification  on skin biopsy 

Cholesterol embolization Usually in acral distribution, may have features associated with renal or 

gastrointestinal ischemia, cholesterol clefts on skin biopsy 

Can be proximal or distal distribution, dermal arteriolar 

calcification on skin biopsy 

Nephrogenic systemic fibrosis Brawny plaques, thickened skin, history of exposure to gadolinium, 

moderate intensity pain, marked increase in spindle cells and fibrosis on 

skin biopsy 

Severe pain, dermal arteriolar calcification on skin biopsy 

Oxalate vasculopathy Acral distribution, history of calcium oxalate stones, birefringent, yellowish-

brown, polarizable crystalline material deposition in the dermis and 

arteriolar wall on skin biopsy 

Can be proximal or distal distribution, calcium deposits non-

polarizable 

Purpura fulminans Usually seen in the settings such as septic shock or disseminated 

intravascular coagulation, diffuse body distribution, rapid progression, 

clinical features of shock 

Unlikely to have diffuse whole body distribution, absence of 

serological features of  disseminated intravascular 

coagulation, dermal arteriolar calcification on skin biopsy 

Vasculitis Systemic features of vasculitis, serological test abnormalities (e.g. 

cryoglobulins), no dermal arteriolar calcification on skin biopsy, unlikely to 

have full-thickness necrosis or large areas of involvement 

Absence of systemic features and serological abnormalities 

of vasculitis (unless autoimmune disease is a trigger for 

calciphylaxis), black eschar, dermal arteriolar calcification 

on skin biopsy 

Warfarin necrosis Typically seen within the first 10 days of warfarin initiation,  manifestation 

of paradoxical hypercoagulable state created by a transient imbalance in 

the procoagulant and anticoagulant pathways warfarin discontinuation 

associated with clinical improvement in majority of cases 

Warfarin exposure of prolonged duration when calciphylaxis 

associated with warfarin therapy, black eschar, dermal 

arteriolar calcification on skin biopsy 

Nigwekar et al. AJKD. 2015 

Differential diagnosis of calciphylaxis 



Histopathology 

• Skin biopsy with adequate sampling of fat 
• ‘Double punch’ preferred to wedge technique 

• vs clinical diagnosis alone 

 

• Calcium staining 
• May be subtle 

 

• Intimal proliferation, endovascular fibrosis, thrombosis, surrounding 
giant cell reaction 

Mochel et al.  Am J of Dermpath. 2013 



Skin biopsy- indications (suggestions) 

• Early lesions e.g. retiform purpura or nodules 

 

• Atypical presentation 

 

• Concern for nephrogenic systemic fibrosis 

 

Nigwekar et al. NEJM. 2018 



Imaging studies 

• X-ray: detects vascular calcification within the dermis and subcutis 
• “Net-like” 

• Mammography film better detects small vessels 

 

• Bone scintigraphy:  
• Scans entire body 

• Detects microcalcification of soft tissue  

• Evaluates extent of disease and response to treatment 

• 89% sensitivity, 97% specificity 

Shmidt et al. JAAD. 2012 

Paul et al. JAMA Derm. 2017 





Patient-centered inter-disciplinary approach 

• Nephrology 
• Dialysis prescription 
• Sodium thiosulfate treatment 
• MBD management 
• Warfarin risk/benefit 

• Dermatology 
• Skin biopsy 
• Wound care 
• Intra-lesional sodium thiosulfate 
• Hyperbaric oxygen 

• Pathology 
• Wound care 

• Burn surgery 
• Debridement 
• Hyperbaric oxygen 

• Pain/Palliative care 

• Nutrition management 

• Radiology 
• Tc nuclear scan 

• Hematology 
• Anticoagulation 
• Hypercoagulability work-up 

 
Nigwekar et al. Current Opinion in Nephrology and Hypertension. 2016 



Question 2: I recommend switching to 
hemodialysis for a peritoneal dialysis patient 
who develops calciphylaxis. 

A. Yes 

 

B. No 

 

C. Not sure 

 

https://manage.eventmobi.com/en/ars/results/question/14514/3784
40/60f8627f811c8dfe1f564c4cdd8e69c8/ 
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Treatment of calciphylaxis in a PD patient 

• Analgesics and wound care 
 

• Risk factor treatment/avoidance 
 
• Optimizing dialysis adequacy 

 
• PD to HD transition ? 

 
• Sodium thiosulfate (off- label use) 

 
• Hyperbaric oxygen therapy 

 
• Bisphosphonates (off- label use) 



Sodium thiosulfate in calciphylaxis treatment-  
a systematic review of published reports 

Peng et al. Nephrology (Carlton). 2017  



• First dose 12.5 grams (pre and post EKG, chemistry panel, weight) 

 

• If tolerated ok then 25 grams administered intravenously over 1-2 hours 

 

• Duration of treatment- ? 3 months 

 

 

 

Nigwekar et al. CJASN. 2013  





CALISTA 
(Calciphylaxis pain treatment with Intravenous 
Sodium Thiosulfate) 
NCT03150420 
 

Sponsor: Hope Pharmaceuticals 

Lead Investigator: Sagar Nigwekar, MD, MMSc 

Study Coordinating Center: Massachusetts General Hospital 

A Phase 3, Intravenous Sodium Thiosulfate for Acute Calciphylaxis Treatment: A 

Randomized Placebo-controlled Clinical Trial 



Hyperbaric oxygen 

• Breathing 100% O2 at higher than ambient pressure inside a sealed 
chamber 
• 1.5-2 hours 3-5x/week 

 
• Most often used for hypoxic wounds, CO poisoning, gas emboli, scuba 

diving injury “the bends,” smoke inhalation  
 

• Restoration of tissue PO2 to normal/above-normal  fibroblast 
proliferation, collagen production, angiogenesis, reduced anaerobic 
colonization, improved phagocytosis 

 

An et al. Nephrology (Carlton). 2015  



Surgical debridement 

Painful, malodorous Potential nidus for infection 



Six weeks post excision and skin graft 



Adequate excision 

Reduced Pain 

  

Decreased dressing 
changes 

  



Vitamin K-CUA: Double-blind randomized controlled trial (NCT02278692) 

Study eligibility: adult patients with calciphylaxis 

 

Study intervention: Oral vitamin K 10 mg three times a week for 12 weeks 

 

Study protocol: blood samples drawn at baseline and at the end of study, clinical follow-up every 4 weeks during study period 

 

PI Contact:   

Sagar Nigwekar, MD, MMSc  

165 Cambridge Street, Suite 302,   

Boston, MA 02114     

Phone: 617 726 7872 

Email: snigwekar@mgh.harvard.edu    



Mr. TP follow up 

• Confirmation of diagnosis 
• Pain management 
• Transitioned to hemodialysis 
• Warfarin discontinued 
• Prednisone discontinued 
• IV sodium thiosulfate 
• Cinacalcet   
• Local wound care 
• Debridement and skin grafting 
• Dietary consultation 

 



Take home messages 

• Calciphylaxis causes significant morbidity (pain, anorexia, depression, insomnia, 
wounds, hospitalizations) and mortality in PD patients 

 

• Epidemiology and risk factors for calciphylaxis are likely evolving in PD patients 

 

• Better understanding of the pathobiology of calciphylaxis is needed 

  

• RCTs are underway but are currently limited to HD patients  

     (https://clinicaltrials.gov/ct2/show/NCT03032835; snigwekar@mgh.harvard.edu) 

 

 

 

 

https://clinicaltrials.gov/ct2/show/NCT03032835
https://clinicaltrials.gov/ct2/show/NCT03032835


Acknowledgements 

• Patients 

• MGH Inter-disciplinary 
Calciphylaxis Team 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This work was conducted with the support of a KL2/Catalyst Medical Research 

Investigator Training award (an appointed KL2 award) from Harvard Catalyst | The 

Harvard Clinical and Translational Science Center (National Center for Research 

Resources and the National Center for Advancing Translational Sciences, National 

Institutes of Health Award KL2 TR001100). The content is solely the responsibility of 

the authors and does not necessarily represent the official views of Harvard Catalyst, 

Harvard University and its affiliated academic healthcare centers, or the National 

Institutes of Health. 



Mechanisms of microvascular calcification in calciphylaxis 

BMP2, sclerostin, and Glu-MGP Kramann 

et al. NDT. 2012  

p-SMAD 

Nigwekar et al. AJN. 2017  



Selye et al. Science. 1961 

Nigwekar et al. AJKD. 2015 

Rats in experimental calciphylaxis developed extensive soft tissue calcifications but did not develop 

small artery or arteriolar calcifications that are characteristic of human calciphylaxis. Also, unlike 

human calciphylaxis, these rats were able to cast off the “cutaneous molt” and replace it with new 

dermis without any features of calciphylaxis.  

Sensitizing Agents e.g. uremia, parathyroid 
hormone extract, high phosphorous diet, or 

vitamin D 

Challenging Agents, e.g. 
trauma, egg albumin, 

metallic salts 

“critical period” 

http://www.fasebj.org/content/21/11/2635/F3.large.jpg


Calciphylaxis most commonly occurs in ESRD patients; 

however it has also been described in patients with intact 
renal function  

Condition % of cases 

Primary Hyperparathyroidism 27.8 

Malignancy 22.8 

Alcoholic liver disease 16.7 

Autoimmune disease 11.1 

Diabetes mellitus 5.5 

Warfarin 25.0 

Nigwekar et al. CJASN. 2008 



Raman spectroscopy demonstrates spectra consistent with 
hydroxyapatite mineral  

Lloyd et al. JBO. 2015  



Mechanisms of microvascular calcification in calciphylaxis 

Osteopontin 

Ahmed et al. AJKD. 2001 
BMP2, sclerostin, and Glu-MGP Kramann 

et al. NDT. 2012  

p-SMAD 

Nigwekar et al. AJN. 2017  



Vitamin K dependent proteins 
Protein(s) Function 

Factors II,VII, IX, and X 

 

Procoagulant 

Protein C, Protein S 

 

Anticoagulant  

Matrix Gla Protein Vascular calcification inhibitor 

Osteocalcin Negative regulator of bone formation 

Growth Arrest Specific gene 6 protein Cell differentiation, proliferation, apoptosis 

Periostin Cell migration, angiogenesis 

Transthyretin Ligand for thyroid hormones and retinol 

binding protein 

Gla Rich Protein Extracellular calcium regulation 

Ferland. Ann Nutr Metab. 2012 



Torregrosa et al. Nefrologia. 2012 

Role of bisphosphonates in calciphylaxis: postulated 

mechanisms 

• Pyrophosphate analogues 

• Inhibition of osteoclasts into 
mature cells 

• Anti-inflammatory properties 
• Reduced macrophage activity and 

cytokines secretion  

 



McCarthy et al. Mayo Cllinic Proceedings. 2017 

Parathyroidectomy improves survival?? 



International Calciphylaxis Consensus Panel  

Kidney Week 2016 



What about thrombosis? 



Chen et al. Biochemical and Biophysical Research Communications. 2014  

Adipocyte induced arterial calcification is prevented with sodium 
thiosulfate 




