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Calciphylaxis - definition 

• Rare, life-threatening disorder characterized 
by: 

 Occlusion of micro vessels in the subcutaneous 
 adipose tissue and dermis leading to intensely 
 painful, ischemic skin lesions 



erythema Sub-cutaneous nodule Violaceous patch 

Induration with dusky 
discoloration 

Multiple plaques Necrotic ulcer with eschar 



How do we describe calciphylaxis? 

• Uremic versus non-uremic 

• Central versus Peripheral 
Central: central areas within subcutaneous tissue such as 
abdomen, thighs or breasts 

Peripheral:  peripheral sites with limited adipose tissue such 
as shins or digits 

• Ulcerated lesions versus non-ulcerated lesions 



Two cases 

• Patient A - 2004 • Patient B -2016 

Central calciphylaxis Peripheral calciphylaxis 



• 42 year old female 

• Over weight 

• ESKD secondary to FSGS 

• Type 2 DM on regular 
insulin injections 

• Peritoneal dialysis x 3 yrs 

• Presented April, 2004 

Patient A – central calciphylaxis 



Patient A: CKD-MBD parameters 

Takes calcium binders – 1000 elemental  calcium TID 

calciphylaxis diagnosed 



Patient A: CKD-MBD parameters 

calciphylaxis diagnosed 



Patient A 



Patient B – peripheral calciphylaxis  

• 55 year old male 

• Low BMI 

• ESKD secondary to hypertension 

• Kidney transplant 1991 

• Baseline creatinine ~ 180 umol/L 

• Presented May, 2016 



Patient B CKD-MBD parameters 

Calcitriol started 

Warfarin started for AF 

calciphylaxis diagnosed 







Calciphylaxis - Epidemiology 

• 35/10,000 patients undergoing HD in the US 

• 4/10,000 in Germany 

• <1/10,000 in Japan 

• Interval between dialysis onset and disease ranges from 30 
months in the US and Germany to 105 months in Japan 

• Higher incidence in peritoneal dialysis patients 

• Unknown incidence in KT recipients 



Calciphylaxis – who is at risk? 



Who is at risk? 
Demographics 



Who is at risk? 
CKD-MBD parameters + treatments 



Who is at risk? 
Other medications 



Diagnosis 

• Clinical suspicion 

– Derangements in CKD-MBD parameters often 
present but not necessarily so 

– German registry data 
– 86% of calciphylaxis patients had either normal or low calcium 

– 40% had either normal or low phosphate 





What is the pathology of calciphylaxis? 

Classic histologic features 

• Calcification 

• Fibrointimal hyperplasia 

• Thrombosis 



Calcification 

• Active cell-mediated process 

• Depends on balance between promoters and 
inhibitors 

• Adipocytes, vascular smooth muscle cells and 
osteoblasts share common mesenchymal 
origin 

 



Vascular calcification – an active, 
cell-mediated process 
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Figure 1.1 Mechanism of vascular calcification.  

Vascular calcification is an active process triggered by irregular phosphate regulation. 

The osteogenic transcription factor Cbfa-1 and bone morphogenetic protein 2 are 

upregulated which promote differentiation. Bone matrix protein such as ostoepontin and 

osteocalcin are also upregulated and might be involved in the regulation of vascular 

calcification. In uremia, the balance between inhibitors and promoter is tipped towards 

inducing the promoters of calcification, thus accelerating the process. 
50

 

 

Shobeiri, N. 2013. The Pathogenesis of Vascular Calcification in Chronic Kidney Disease: Consequences and Treatments. 
(Doctoral Thesis). Retrieved from QSpace.  
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Osteoblastic 
Transdifferentiation 

• Osteoblasts are bone 
forming cells  

• Secrete bone matrix proteins 
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• Apoptotic Bodies 
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Nidus Formation 
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Mechanisms 
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Calcification 



Calcification in arteriole Up-regulation of Runx2 

Calcification in arterioles in clinical 
calciphylaxis 



Calciphylaxis – osteogenic phenotype 



Adipocytes calcify in calciphylaxis 

Calcification of adipocytes BMP-2 staining of adipocytes 



Obesity 



Adipocytes express the ‘osteogenic 
program’ 



Mature adipocytes exposed to high 
phosphate media calcify 



Adipocytes enhance calcification of VSMCs 



Pathology of calciphylaxis 

Histologic features 

• Calcification 

• Fibrointimal hyperplasia 

• thrombosis 



How specific are these histologic findings 
for calciphylaxis? 





How specific is a finding of vascular calcification 
in a skin biopsy? 

Prevalence of VK positive calcification was similar between skin biopsies 
performed for suspicion of calciphylaxis and healthy skin from amputation margins 

Healthy skin in patient with ESKD Suspected calciphylaxis 



How specific is a finding of calcification of the 
subcutaneous fat in a skin biopsy? 

Healthy skin in patient with ESKD Suspected calciphylaxis 

Prevalence of extravascular soft tissue calcification was not different 



How specific is a finding of intimal hyperplasia in 
a skin biopsy? 

Suspected calciphylaxis Healthy skin in patient with ESKD 

Prevalence of intimal hyperplasia was low in both groups 



How specific is a finding of arterial thrombosis in 
a skin biopsy? 

Healthy skin in patient with ESKD Suspected calciphylaxis 

Only the presence of thrombosis was significantly different between the 
two groups and only in ‘high clinical suspicion biopsies’ 



Summary:  pathology 

• Histologic changes in small arteries and arterioles of skin and 
subcutaneous tissues ascribed to calciphylaxis can occur in 
patients with ESKD without clinical evidence of calciphylaxis 

• Combination of calcification and thrombosis may be 
important –more prevalent in high-suspicion skin biopsies 
than in amputation specimens 

• Adipocytes may play a key role in the development of central 
calciphylaxis 

• Calciphylaxis remains a ‘clinical diagnosis’ 



Calciphylaxis:  who is at risk? 

• White, female, obese, diabetic patients with worse 
CKD-MBD parameters at dialysis initiation 

• Arguably many patients on dialysis are at risk for CUA 
yet few will actually develop it – in fact, the majority 
will not 

• overall incidence of 3.49 per 1000 patient years 



Why so many at risk yet so few develop? 

• Triggers 

– Vitamin K antagonism 

– Skin trauma 

– Thrombotic disorders 

– Genetic predisposition 

 



Triggers:  Vitamin K status 
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Vitamin K cycle 
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Warfarin lowered tissue vitamin K levels but did not 
cause VC in healthy rats 
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Renal 
Artery 
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Thoracic 
Aorta 

High K Low K Warfarin 



Triggers:  Vitamin K 

Calciphylaxis characterized by relative reductions in carboxylated MGP and 
elevated uncarboxylated MGP in biopsy samples 



Calciphylaxis patients have low VK status 
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With permission Nigwekar, Malhotra, and Booth. J Am Soc 

Nephrol, 2017 

p=0.006 
Characteristics 

Cases  
(n=20) 

Controls  
(n=20) 

P value 

Age, years 58 ± 16 62 ± 14 NA 

Female gender, % 35  35  NA 

Non-White race, % 10 10 NA 

Warfarin therapy, % 30 30 NA 



Adipocytes secrete MGP 

MGP protein detected in the secretion media of adipocytes 



Triggers: Trauma 



Triggers: Thrombophilia 





Triggers:  Genetic predisposition 
 

 

 

 
• 144 HD patients from the German calciphylaxis registry were compared 

with 370 dialysis patients without calciphylaxis 

• Investigation of 10 target genes 

 



Triggers: genetic predisposition 



Calciphylaxis – other potential triggers 

• Autoimmune disorders 

• Recurrent hypotension 

• Vitamin D analogues 



Calcitriol treatment in rats with CKD 



CKD rats treated with 20 ng/kg calcitriol daily 



Two cases – triggers 

• Patient A – 2004 

– ESKD on PD 

– Poor phosphate control 

 

 

• Obese 

• Insulin injections 

• Patient B -2016 

– KT 

– Normal phosphate  

 

 

• Warfarin 

• Calcitriol 



Nephrologist 

Dermatologist 

Pathologist 

Pain + Palliative  
care 

Surgeon 

Radiologist 

Wound care nurse 

Dietician 

Adapted from  

Management…when evidence is lacking… 



Nephrologist 

Dermatologist 

Pathologist 

Pain + Palliative  
care 

Surgeon 

Radiologist 

Wound care  
nurse 

Dietitian 

• Clinical diagnosis 
• Skin biopsy 

• Dialysis prescription 
• CKD-MBD management 
• Decision regarding antibiotics 
• Risks/benefits of warfarin and 

alternative agents (if 
applicable) 

• Specific treatment decisions 
• Enroll in registry or clinical trial 
 
 

Adapted from  

Nephrologist 



Skin biopsy: when to perform 

• To support your clinical diagnosis and rule out other conditions 

• Early, atypical lesions 

• Research studies 

• Calciphylaxis suspected in non-ESKD patient 

 

• Punch biopsy safer but has limited depth and can be non-diagnostic 

• Biopsy active lesion margin rather then central or necrotic area 

• Special stains should include von Kossa 



Skin biopsy: when not to perform 

• Not needed for a patient with ESKD with classic presentation 
of a painful necrotic ulcer covered with a black eschar 

• A skin biopsy may be contra-indicated in: 

– Acral, penile or infected lesions 

• High risk of provoking new, non-healing ulcers and infection 

 

 



Dialysis prescription 

• Increase length or frequency 
– Warranted for patients with severe CKD-MBD parameters 

– No data 

• Transition to hemodialysis for patients on PD 
– No data 

• Kidney transplantation 
– Case series of 3 patients receiving urgent KT after 2 to 4 weeks of 

onset of calcipylaxis 



CKD-MBD parameters + other measures 

• Discontinue warfarin 

• Rotate insulin injection sites 

• Stop vitamin D and calcium 

• Avoid high dialysate calcium 

• ? Parathyroidectomy 
– Optimal PTH is not known 

– Risk of ABD long-term 

 



Parathyroidectomy – what is the evidence? 

• Single-center studies 

• All retrospective 

– Selection bias 

– Confounding 

• Details regarding actual surgical procedure and risks/complications are 
limited 

• Risk of hungry bone syndrome requiring calcium and calcitriol 

• Not recommended by ‘experts’ in the era of calcimimetics 

– EVOLVE trial showed a reduced incidence of calciphylaxis in the 
cinacalcet group 

 



Nephrologist 

Dermatologist 

Pathologist 

Pain + Palliative  
care 

Surgeon 

Radiologist 

Wound care  
nurse 

Dietitian 

Dermatologist 

 
• Clinical diagnosis 
• Skin biopsy 
• Wound care 
• Decision regarding antibiotics 
 
 

Pathologist 

 
• Skin histopathology review 
• Request for special stains (e.g. 

von Kossa) 
 
 Adapted from  



Nephrologist 

Dermatologist 

Pathologist 

Pain + Palliative  
care 

Surgeon 

Radiologist 

Wound care  
nurse 

Dietitian 

Radiologist 
 

• Evidence of calcification on X-
ray, CT or bone scan 

 
 

Adapted from  



Diagnosis: Imaging studies 

• May support the diagnosis when a biopsy is 
inconclusive or contraindicated 



Increased radiotracer uptake in soft tissues on nuclear bone 
scanning 



Nephrologist 

Dermatologist 

Pathologist 

Pain + Palliative  
care 

Surgeon 

Wound care  
nurse 

Dietitian 

Pain and Palliative Care 

 
• Pain medications 

• Opiates 
• Opiate alternatives 
• Spinal anesthetic agents 

 
• Goals of care discussions 

 
 
 

Adapted from  

Radiologist 



Nephrologist 

Dermatologist 

Pathologist 

Pain + Palliative  
care 

Surgeon 

Radiologist 

Wound care  
nurse 

Dietitian 

Adapted from  

Surgeon and Wound Care Nurse 

 
• Clinical diagnosis 
• Surgical debridement 
• Wound care 
• Dressing changes 
• Chemical wound debridement 
• Hyperbaric oxygen 
 
 



• 46 patients 

• 44 sessions over 2 months led to complete healing in 
half the patients with peripheral disease 





Nephrologist 

Dermatologist 

Pathologist 

Pain + Palliative  
care 

Surgeon 

Radiologist 

Wound care  
nurse 

Dietitian Dietitian 

 
• Dietary phosphate restriction 
• Avoiding and treating protein 

malnutrition 
 

Adapted from  



Specific pharmacotherapeutic agents 

• Sodium thiosulfate 

• Cinacalcet 

• Vitamin K 

• Bisphosphonates 



Sodium Thiosulfate 

• Mechanism of action – Unknown 

• Hypotheses  

– Vaso-dilatory and antioxidant properties 

– Increase in calcium solubility 

– Combination with calcium to form a dialyzable salt 

• Administration  

– Typical dose is 25 g IV 3x weekly during last 30-60 mins of HD 

– Dose for PD, CKD, KT, pediatrics unknown 

 

Sandhu et al. Am J Ther. 2012 Jan;19(1):e66-8. 
Schlienper et at. Nat Rev Nephrol 2009;5(9): 539–43. 



Sodium Thiosulfate 

• Limitations 
– Limited access 

– Cost $10,000 

• Adverse Effects 
– Nausea, vomiting and headache  

• Usually improve with subsequent infusions 

– Severe metabolic acidosis 
• Unknown mechanism 

• Dose-response effect on AG 

• ? Due to oxidation of STS by the liver  

 Sandhu et al. Am J Ther. 2012 Jan;19(1):e66-8. 
Schlienper et at. Nat Rev Nephrol 2009;5(9): 539–43. 



• Retrospective cohort study of 172 patients with calciphylaxis 
who were treated with STS 

• No control subjects 

• Incomplete follow-up for patient-level outcomes  (n=53) 

• Median dose was 25 g and median number of doses was 38 



• Among surveyed patients, calciphylaxis status was: 

– resolved in 26.4% 

– markedly improved in 18.9% 

– improved in 28.3% 

– did not improve in 5.7% 

– unknown 20.8% 





• 27 HD patients treated with STS for 3 months 

– Complete remission: 52% 

– Partial remission: 19% 

– No response: 30% 

• High frequency of co-interventions 

• Vitamin K, HBO, PTH lowering strategies, warfarin 
cessation, calcium cessation, increased dialysis intensity 



Vitamin K 
• Some evidence from general population that vitamin 

K decreases calcification 

VitaVasK iPACK-HD 

Location Europe Canada 

Patient population HD patients HD patients  

CAC score criteria ≥ 100 AUs ≥ 30 AUs 

Outcome CAC progression CAC progression 

Drug K1 K1 

Dose 5 mg 10 mg 

Frequency 3 times per week 3 times per week 

Duration 18 months 12 months 



Floege et al. Clin J Am Soc Nephrol 10: 800–807, 2015. 

• 3,883 HD patients with sHPT  
• Randomly assigned 1:1 to receive  

– Cinacalcet (Sensipar or Mimpara, Amgen, Inc.); or  
– Placebo  

• + Conventional CKD-mineral & bone disorder therapies  
• F/U 64 months 

– 6 (cinacalcet) and 18 patients (placebo) developed CUA  

 

 



CUA – Cinacalcet (EVOLVE) 

Floege et al. Clin J Am Soc Nephrol 10: 800–807, 2015. 



ADVANCE: The first RCT to show that Cinacalcet may attenuate the 
progression of valvular calcification in SHPT 



Bisphosphonates 

• Pyrophosphate analogues 

• Inhibition of osteoclasts 

• Prospective series only 



• 42 year old female 

• Obese 

• ESKD secondary to FSGS 

• Type 2 DM on insulin 
injections 

• Peritoneal dialysis 

• Presented April, 2004 

Patient A – central calciphylaxis 



Patient A - 2004 

• Calcium discontinued; NCPB started 

• Switched to daily HD 

• Surgical debridement and wound care 

• Hyperbaric oxygen – 25 sessions 

 



Patient B – 2016 

• 55 year old male 

• Normal weight 

• ESKD secondary to hypertension 

• Kidney transplant 1991 

• Baseline creatinine ~ 180 umol/L 

• Presented May, 2016 



Patient B - 2016 

• Warfarin discontinued 

• Calcitriol discontinued 

• Cinacalcet started 

• Surgical debridement and wound care 

• Vitamin K 10 mg PO thrice weekly x 6 weeks 

• Bisphosphonate – 30 mg IV x 1 dose 

• Hyperbaric oxygen – 23 sessions 



Where are we in 2018? 

r = 0.91

p = 0.02

3

4

5

6

2006 2007 2008 2009 2010 2011 2012

Nigwekar et al. JGIM. 2014;29 (3):724-731 

Incidence per 10,000 dialysis patients 

• we have a rare disease with a rising 
incidence 

• we have therapies that we try 
• we have no rigorous scientific evidence 



What is the answer? 

Clinical observations 
• VK antagonism 

Translational Medicine 



What is the answer? 

Translational Medicine 



What is the answer? 

Translational Medicine 

High K diet 



What is the answer? 

Translational Medicine 

VitK-CUA trial 



• Study eligibility:  adult HD patients with calciphylaxis 
• Study intervention:  vitamin K1 10 mg three times/week for 12 weeks 
• Outcomes:  pain, skin lesions 

Improving the evidence: RCT of Vitamin K 



What is the answer? 

Clinical observations 
• CKD-MBD parameters 
• CKD-MBD treatments 
• Obesity 
• Trauma 

Translational Medicine 



What is the answer? 
Osteogenic program 
‘Adipocyte calcification’ 

Translational Medicine 



What is the answer? 

? 

Translational Medicine 



Improving the evidence: Active registries 



Improving the evidence: Two RCTs of 
sodium thiosulfate 



The way forward 



Thank you 


