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Introduction

Calciphylaxis is characterized by intense deposition of  calcium 
in small blood vessels, skin, and other organs that develops as a 
result of  secondary hyperparathyroidism, and is associated with 
end‑stage renal disease (ESRD).[1] Bryant and White[2] in 1898 first 
described the disease later in 1962 Hans Selye coined the term 
“calciphylaxus”.[3,4] The disease is rare but devastating, increasing 
in dialysis population[5] and its aetiology is still unmasked that is 
challenging demonstrates a challenge for different specialities. 
Even if  diagnosed in early stages, the mortality rate remains 
exceptionally high and the success in healing is low.[6] Mortality 
rates are estimated at 60‑80%.[7] Furthermore, the disease is 
characterized by skin ulcerations that undergo necrosis leading 
to intense pain and can be localized on any part of  the skin.[6] It 

is manifested in patients on renal replacement therapy or with 
low glomerular filtration, whose alteration of  phosphorus and 
calcium metabolism seems to represent the main cause of  this 
pathology.[8] Wounds are sometimes secondarily infected and 
may even cause death in most of  the patients. The disease can 
be seen even in absence of  renal failure as the kidney disease is 
not an absolute requirement.

Pathogenesis
Calciphylaxis is a complex disease with multiple etiological factors. 
Although the disease pathogenesis remains unmasked, abnormal 
calcium and phosphorous metabolism,[9,10] inflammation[11] and 
the occurrence of  a hypercoagulable state[9] have been seen and 
could result in vascular and extravascular calcification.

Some risk factors have been identified, including being female, 
Caucasian ethnicity, warfarin treatment, diabetes mellitus, 
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obesity, impaired calcium and phosphorus metabolism, 
hypoalbuminemia, prolonged dialysis.[12]

The pathogenesis of  calciphylaxis remains unclear and is 
considered as complex disorder involving numerous etiological 
factors. Calciphylaxis is characterized by ischemic necrosis of  skin 
resulting from calcification of  tunica media and fibrotic changes 
in intima of  the cutaneous arterioles along with thrombotic 
occlusion. Calciphylaxis was first described as disorder of  
hypersensitivity in rodents by Hans Selye wherein after 
sensitization by a calcifying factor resulted in local calcification, 
inflammation, and sclerosis.[13]

The process of  calciphylaxis requires two main steps:[14]

1. Calcification of  medial wall and intimal fibrosis of  the 
arterioles.

2. Thrombotic occlusion resulting from progressive calcification 
and endothelial dysfunction. Vascular calcifications result due 
to dysfunction of  the regulatory mechanisms that manage 
calcium, phosphate, and parathyroid hormone (PTH) levels. 
Dystrophic vascular calcification can either involve the tunica 
media or intima, along with or secondary to the formation 
of  atherosclerotic plaques resulting in calcium hydroxyapatite 
and matrix vesicles deposition within the vessel walls.[15]

Role of Vascular smooth muscle cells in calciphylaxis
Another school of  thought is that vascular calcification begins 
with the differentiation of  vascular smooth muscle cells (VSMCs) 
into osteoblast‑like phenotypes.[14] VSMCs normally produce 
matrix gla protein (MGP), a protein that binds calcium phosphate 
and thus has a strong inhibitory effect on tissue calcification. 
Vitamin K antagonists are thought to reduce functional MGP, 
as they interfere in the vitamin K carboxylation by which 
MGP is normally activated. Vitamin K antagonists lead to 
under‑carboxylation of  MGP thus lack of  activated MGP leads 
to medial calcification.[16]

Role of osteoprotegerin (OPG)
Receptor activator of  NF‑kB ligand (RANKL) is expressed by 
osteoblasts and stromal stem cells that binds to its receptor, 
RANK, on the surface of  osteoclasts and their precursors. This 
regulates the differentiation of  precursors into multinucleated 
osteoclasts and osteoclast activation resulting in increased bone 
resorption. Osteoprotegerin (OPG) is a soluble protein secreted 
by osteoblasts and osteogenic stromal stem cells and acts as 
a decoy receptor thus preventing the binding of  RANKL to 
RANK, protects the skeleton from excessive bone resorption. 
According to the passive theory vascular calcification could result 
from arterial accumulation of  matrix products liberated from 
uncontrolled osteoclast degradation of  bone. In fact, in animal 
models with OPG deficit, extensive vascular calcification is 
observed due to the hyperactivity of  the RANKL‑RANK‑NF‑kB 
axis that also promotes the activation of  bone morphogenic 
proteins 2 and 4 (BMP2 and BMP4) favoring the osteogenic 
transition of  smooth muscle cells.[17]

Role of bone morphogenetic protein
Bone morphogenetic protein‑4(BMP‑4) and osteopontin that are 
considered to be the markers of  osteoblastic transformation are 
also expressed in lesional tissue of  patients with calciphylaxis.[18] 
The BMP‑4 catalyzes the process of  calcification via reactive 
oxygen species, that act through nuclear factor kappa B (NFkB).

Hypercoagulability and calciphylaxis
Hypercoagulability plays an important role in the development 
of  calciphylaxis. The induction of  local hypercoagulability may 
have an effect on prothrombotic regions. The factors linked to 
calciphylaxis enhance the process of  thrombosis by reducing 
anti‑thrombotic response or enhancing prothrombotic processes, 
as opposed to inducing calcification. However anti‑thrombotic 
responses such as expression of  C and S protein receptors, 
thrombomodulin expression and vascular heparin‑like molecules 
that promote thrombosis are reduced by Inflammatory cytokines 
like IL 1,6, TNF‑alpha.[15] Certain drugs like acenocoumarol also 
serve as an important risk factor in non‑uraemic calciphylaxis 
patients.[16]

Clinical presentation and Diagnosis of calciphylaxis
Skin lesions are painful representing subcutaneous indurated 
nodules or plaques accompanied by livedo reticularis, often 
initially labelled dermis‑hypodermis. The evolution is done in 
a few days towards the formation of  superficial and then deep 
ulcerations leading to the constitution of  a blackish eschar, always 
strongly painful with centrifugal extension.[19]

Intense pain associated with palpation of  firm calcified 
subcutaneous tissue and cutaneous lesions is suggestive of  
calciphylaxis in dialysis patients and in patients with other risk 
factors for the disorder.[20,21] Patient history should be obtained 
and a thorough examination should be performed to identify 
additional skin lesions. In patients administering warfarin, 
distinction should be made between calciphylaxis and warfarin 
necrosis.[22]

Various steps that are undertaken for accurate diagnosis of  the 
disease are as follows.

Physical examination
As mentioned earlier, the primary presentation of  the disease 
is in form of  symptomatic cutaneous painful lesions. On 
examination, these lesions initially present as serpiginous, 
tender, palpable subcutaneous masses later on progressing to 
non‑healing ulcers.[23]

The lesions in calciphylaxis are painful and may be sometimes 
secondarily infected involving adipose rich sites of  the trunk and 
lower extremities. These lesions appear as an indurated plaques 
overlaid by livedo racemosa that may progress to nonhealing, 
black stellate‑shaped ulcers. The typical net like pattern of  
lesions is due to the cutaneous vasculature consisting of  central 
arterioles running perpendicularly from vessels in the fascia. The 
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resulting cyanosis due to accumulation of  deoxygenated blood 
at the junctional areas between these blood vessels lead to the 
classic net‑like lesional configuration.[16]

Radiological tests and biomarkers
The clinical examination of  a patient with calciphylaxis involves 
two important goals: to evaluate the presence of  any etiological 
factor and to rule out any potential disorders that may mimic 
the physical examination findings.

Even plain X‑rays, nuclear bone scans and circulating fetuin A 
levels have been reported to aid in the diagnosis, none of  these 
tools have been recommended for clinical use.[24‑26] Clinical 
imaging, chief  among these plain X‑rays and 3‑phase nuclear 
bone scans are important diagnostic tools.[16]

Bone scan with s ingle‑photon emission computed 
tomography‑computed tomography (SPECT‑CT) help in 
localizing extent of  the pathology and determine the areas of  
microcalcifications. The bone scan is positive when the tracer 
technetium 99 m‑labeled medronic acid binds to hydroxyapatite 
crystals at the calcified areas in the dermis and subcutaneous 
fat.[27]

Compared to plain X ray, CT, and mammography, bone scan with 
SPECT‑CT assesses the exact anatomical location and extent of  
the disease. Bone scan offers high sensitivity rate of  97% in cases 
of  calciphylaxis and has the ability to survey the entire body.[28]

Raman spectroscopy
Diagnostic procedures like biopsy in calciphylaxis lesions are 
considered to be invasive, time consuming, and destructive 
as in these procedures due to the presence of  calcified and 
blocked vessels blood flow to the debrided area decreases and 
furthermore these sites do not heal well. Radiographic techniques 
like CT scan can detect calcium deposits but are not specific for 
calciphylaxis and require further biopsy. Thus, a noninvasive 
and label free method (Raman spectroscopy) was introduced for 
detecting small calcifications within a large wound area.

Raman spectroscopy involves chemical fingerprinting of  a 
sample with micron‑level spatial resolution and subsurface 
probing in deep‑red and near infrared regions in order to detect 
the carbonated apatite in calciphylaxis. Raman spectroscopy 
makes use of  either a Raman microprobe (for tissue area of  
0.4 mm × 0.7 mm) or a handheld fiber Raman probe (for tissue 
area <1 mm).

The main requirement in this diagnostic procedure is of  a 
fiber‑optic handheld probe that detects the carbonated apatite in 
calciphylaxis at various sites and depths. The probe must function 
despite varying tissue background, including contributions from 
serum, plaques, eschars, and lipids. Spectra must be collected 
in <2 s and ideally, no more than 1 s. With rapid measurements 
it is easy to map the wound area and characterize wound margins 
for treatment and debridement.[29]

Laboratory tests
Renal function test (FRT), including serum blood urea nitrogen, 
estimated glomerular filtration rate and serum blood creatinine 
should be conducted to further evaluate potential risk factors. 
Furthermore, bone mineral tests including, serum calcium, 
alkaline phosphatase, phosphorous, intact parathyroid hormone, 
and vitamin D evaluation can be done. Liver function test (LFT) 
including alkaline phosphatase, serum transaminase, and albumin. 
Patient’s complete blood count (CBC) with differential count 
and blood cultures can be performed in order to rule out any 
infection. Coagulation prolife of  the patients can be monitored by 
prothrombin time (PT), international normalized ratio (INR), and 
partial thromboplastin time (PTT). Hypercoagulation evaluation 
can be done by estimating protein C, S, antithrombin III and 
antiphospholipid antibody levels. Inflammation evaluation 
including, serum C‑reactive protein (CRP) and albumin. 
Finally, evaluation of  presence of  autoimmune diseases and 
malignancy.[30]

Skin biopsy
Best way to confirm calciphylaxis requires biopsy of  involved 
area of  skin and the test should be preformed whenever the 
diagnosis is considered. There are some concerns related to skin 
biopsy need consideration including, notifying the patient of  
the risks and benefits of  the procedure. Probable risks include 
propagation of  new lesions, ulceration, superimposed infection, 
induction of  necrosis, and bleeding. On the other hand, benefits 
of  skin biopsy include ruling out other conditions that can mimic 
the disorder.[21]

A telescoping biopsy or a punch biopsy wedge skin biopsy are 
probably to have the most excellent yield.[31] The main histological 
characteristics of  the skin are medial calcification, internal 
hypertrophy and associated with local inflammation resulting in 
vessel obstruction and cutaneous necrosis.[32,33]

While skin lesions are the major clinical signs of  the disease, 
other organs such as the lungs, skeletal muscles, pancreas, brain, 
eyes, and digestive tract, could also develop calciphylaxis lesion.[30] 
Microscopic examination of  micro‑calcification frequently needs 
special stain such as von Kossa or Alizarin red. The use of  these 
special stains increase the recognition of  calcium deposit over 
individual stain alone, which should be thought when clinical 
suspension is high except calcium deposits are not obvious on 
routine histological sections.[34]

Lesional biopsy can demonstrate medial calcification and intimal 
proliferation of  small vessels. Other diagnostic histopathological 
features are extravascular soft tissue calcification, septal and 
lobular panniculitis, dermal‑epidermal split, and epidermal 
necrosis.[35] Another diagnostic feature highly specific for 
calciphylaxis is perieccrine calcification.

The diagnostic criteria based on biopsy sometimes indicate 
low sensitivity in patients where biopsy specimen lacks 
calcifications.
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The possible reasons for the low sensitivity include:
1. Early stages of  calciphylaxis may demonstrate a thrombotic 

vasculopathy of  superficial dermal vessels, a finding 
associated with many hypercoagulable conditions.

2. Various procedural errors, errors during tissue processing, 
limited depth of  specimen, etc., may contribute to low 
sensitivity.[35]

Further for obtaining sufficient biopsy sample an excisional 
biopsy or punch biopsy with a depth of  6‑8 mm can be done. If  
necessary, at the base of  large punch biopsy a telescoping 4 mm 
punch biopsy is done for obtaining sufficient tissue.[16]

Differential diagnosis
Calciphylaxis must be distinguished from a similar clinical 
condition like warfarin skin necrosis. The clinical features of  
both these diseases share common findings like involve painful 
skin ulcers and tend to affect the adipose rich sites. The two 
distinguishing features include the time of  medication to the 
onset of  skin lesions and the response to warfarin cessation. 
Warfarin skin necrosis responds immediately to warfarin 
discontution and presents within the first few days of  drug 
usage, whereas calciphylaxis induced by warfarin requires 
longer duration usage before the lesion onset and the lesions 
of  calciphylaxis persist much longer despite discontinuation of  
causative drugs.

Implications for clinical practice
The primary care physician is the first contact of  a patient for the 
consultation of  illness. Early diagnosis and a multi‑disciplinary 
approach are key components of  managing this complex disease. 
Calciphylaxis has no approved therapies and there are limited 
treatment modalities for calciphylaxis. Increased awareness and 
research in this field have facilitated identification of  risk factors 
and causation pathways. Development of  therapeutic options and 
wound care management, however, are still at a nascent stage. 
Certain therapies have shown a promise that needs evaluation 
in prospective clinical trials.[36]

In suspected cases of  calciphylaxis in a uremic patient, the 
calcium phosphate product level should be normalized by 
increasing dialysis, using phosphate binders, reducing the 
calcium supply. In cases of  secondary infection or ulcerations 
antibiotics are recommended. Pain reduction can be achieved 
using narcotic analgesics or fentanyl patches. Drugs like Sodium 
thiosulfate and bisphosphonates can also be used for treating 
calciphylaxis. Sodium thiosulfate increases the calcium solubility 
or combines with calcium to form dialyzable salt and has 
vasodilatation and antioxidant properties. As an antioxidant, 
sodium thiosulfate may neutralize reactive oxygen species that 
promote inflammation, thrombosis, and vasoconstriction. 
Vitamin K is also known to prevent the calcification in coronary 
arteries and hence act as a decalcifying agent. Deficiency of  
Vitamin K prevents MGP activation and consequently promotes 
vascular calcification.[27]

Conclusion

Calciphylaxis is a complex ischemic vasculopathy with various 
aetiological risk factors usually seen in patients suffering from 
renal disease and can also be diagnosed in patients with normal 
renal function. The disease detection relies on certain set clinical, 
histopathological and imaging criteria. In patients diagnosed 
positive for the disease must be taken care because of  its 
increased mortality rate.
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