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KEYWORDS: Abstract Human calciphylaxis reflects a form of severe tissue compromise attributable to a unique
Calciphylaxis; microangiopathy that combines features of vascular thrombotic occlusion with endoluminal calcifica-
Calcium deposition; tion. While most frequently described in patients with renal failure, it is seen in other settings, such as
Microangiopathy; multiple myeloma; polyneuropathy, organomegaly, endocrinopathy, M protein, and skin changes

(POEMS) syndrome; cirrhosis; and rheumatoid arthritis. Although most commonly involving the
skin, calciphylaxis can affect other organs including the heart and gastrointestinal tract, in which cases
it falls under the appellation of systemic calciphylaxis. There are cases in which the main pathology is
one of endovascular thrombosis of the vessels of the fat without discernible calcification or one man-
ifesting a pseudoangiosarcomatous pattern, hence adding to the histomorphologic spectrum of calci-
phylaxis. A variety of factors contribute to this severe occlusive microangiopathy, including an
underlying procoagulant state and ectopic neo-osteogenesis of the microvasculature through varied
mechanisms, including increased osteopontin production by vascular smooth muscle or reduced
synthesis of fetuin and GLA matrix protein, important inhibitors of ectopic neo-osteogenesis. Certain
factors adversely affect outcome, including truncal and genital involvement and systemic forms of cal-
ciphylaxis. With a better understanding of its pathophysiology, more-effective therapies, such as so-
dium thiosulfate and biphosphanates to reduce reactive oxygen species and receptor activator of
nuclear factor kB-mediated nuclear factor kf activity, respectively, are being developed.

© 2010 Published by Elsevier Inc.

Skin necrosis

excess of 60 experimental papers on the topic, the first
reported case of calciphylaxis was in 1969 by Rees and
Cole.” In 1982 another case of calciphylaxis was
described.’

While the body of earlier studies was clearly in the
context of experimental calciphylaxis, the term calciphy-
laxis is now associated with a distinct syndromic complex
in humans and one that is pathologically distinct from ex-
perimental calciphylaxis. The precipitous calcium deposi-
tion is really a vascular phenomenon as opposed to one

Background

In 1961, Seyle et al coined the term calciphylaxis to
characterize a sudden precipitous deposition of calcium in
the soft tissue of animals under a unique set of sensitizing
factors antedating the calcification (ie, hyperparathyroid-
ism) in concert with subsequent triggers provoking calcium
deposition (ie, trauma).! Although Seyle published in
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of extravascular soft tissue calcification, the distribution
pattern emphasized in experimental calciphylaxis. In the
context of human calciphylaxis, its essence is one of tissue
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compromise attributable to a unique microangiopathy that
combines features of vascular thrombotic occlusion with
endoluminal calcification.*”’

Calciphylaxis has fallen under alternative appellations,
including calcific uremic arteriolopathy and uremic small
artery disease with medial wall calcification and intimal hy-
perplasia.®® However, these latter terms are not preferable
in light of its development in clinical settings not limited to
renal dysfunction. In particular, most earlier reports are in
the context of its occurrence in uremic patients on chronic
hemodialysis who at some point in their illness have
hyperparathyroidism. There is an emerging body of litera-
ture describing calciphylaxis in diverse clinical settings
unassociated with renal dysfunction, including cirrhosis;
multiple myeloma; and polyneuropathy, organomegaly,
endocrinopathy, M protein, and skin changes (POEMS)
syndrome.'*%°

Calciphylaxis remains a highly morbid and poorly
understood disease of vascular calcification and tissue
necrosis, most frequently of the skin. The condition
affects 1% to 4% of the population with end-stage renal
disease. The mortality rate has been reported to be as
high as 60% to 80%, with sepsis and internal organ fail-
ure being the leading causes of death. Women are more
likely to be affected, with the man-to-woman ratio being
1:3. Affected patients range in age from 6 months to 83
years.*%?! In this review we discuss the clinical and
pathologic features of calciphylaxis, the proposed patho-
physiological basis of the disorder, its treatment, and
prognosis.

Clinical Presentation

Clinically, one observes grouped and painful ecchymo-
ses that eventuate into large areas of infarction. The lesions
are frequently symmetrical and most commonly involve the
lower extremities; a more proximal lower extremity and
truncal and genital distribution is associated with a worse
prognosis (Figure 1).>**° The clinical presentation can
resemble other ischemic dermopathy syndromes, such as
Coumadin skin necrosis and necrotizing fasciitis.”® This
condition is not limited to the skin. Ischemia to extracuta-
neous organs has been described, including the gastrointes-
tinal tract, where massive hemorrhage can occur. The heart
can resemble stone where the vascular deposition creates an
instant angiogram (ie, a “heart of stone”).”’ The term
systemic calciphylaxis is used for this multiorgan ischemic
vasculopathy syndrome.?®3

While no one laboratory finding is specific for the
diagnosis, in those patients with underlying renal failure,
elevations in phosphate levels, the calcium-phosphate pro-
duct, and parathyroid hormone levels can be demonstrated
at some point in the patient’s clinical course, albeit not
specifically cotemporaneous with the development of
calciphylaxis.”

Figure 1 Penile calciphylaxis is very rare but has a mortality
rate of 69% within 6 months. There is extensive cutaneous necro-
sis attributable to the striking microvascular changes integral to
calciphylaxis.

Pathology

The dominant pathology is localized to the subcutaneous
fat, whereby one observes mural calcific and fibrous
expansion of the intima with luminal thrombosis involving
capillaries, venules, arterioles, and small arteries of the
subcutaneous fat (Figures 2 and 3). There is variable exten-
sion into the overlying dermis, although the dominant
changes in the dermis are those reflective of ischemia. In
the capillaries of the fat, vascular thrombosis may antedate
overt calcification (Figure 4). In addition, there is calcific
mummification of the endothelium lining the capillaries
and the venules (Figure 5). Such vessels, while showing

Figure 2 A 57-year-old woman presents with a right hip eschar
in the setting of underlying renal failure. The findings are typical
for calciphylaxis. In this photomicrograph, the capillaries and ven-
ules show an obliterative occlusive calcific microangiopathy. Note
the striking calcium deposition within the wall, as well as within
the vascular lumens. The endothelial cells have a calcified appear-
ance. (Hematoxylin and Eosin 400x)
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Figure 3 A larger-caliber artery shows calcification. Note how
the calcification involves the endothelium as well as the subendo-
thelial intima. (Hematoxylin and Eosin 100x)

“stone” endothelium, may be relatively devoid of throm-
bus. The fully evolved and prototypic microangiopathy is
one exhibiting calcified endothelium and vascular thrombo-
sis. Typically there is attendant ischemic change in the ad-
jacent tissue. There can also be a true calcifying interstitial
lobular panniculitis somewhat analogous to the extravascu-
lar calcification described in Seyle’s original animal model
(Figure 6). The vascular changes are best described as a
form of calcific thrombogenic microangiopathy.* The diam-
eter of the affected vessels ranges from 30 to 600 microns,
with the average size being approximately 100 microns
(Figure 7).34

While the aforesaid features define the classic
pathologic changes encountered in calciphylaxis, it should

Figure 4 One observes a thrombogenic vasculopathy without
discernible calcification. There are cases of calciphylaxis whereby
this may be the dominant histopathology. Calciphylaxis is the only
condition that we are aware of that can evoke this pattern of pauci-
inflammatory thrombosis localized to the subcutaneous fat. In
conditions that have skin necrosis, there is usually involvement
of the overlying dermis. (Hematoxylin and Eosin 400x)

Figure 5 The endothelial cells exhibit a stone-like pattern of
calcification. (Hematoxylin and Eosin 100x)

be emphasized that there is a morphologic spectrum. We have
encountered cases wherein the main abnormality is in the
context of a thrombogenic microangiopathy localized to the
subcutis without concomitant or discernible calcification; a
von Kossa stain might demonstrate an incipient stippled pat-
tern of microvascular calcification (Figure 8). Such cases dif-
fer from other severe ischemic dermopathy syndromes such as
Coumadin skin necrosis because of the lack of dermal involve-
ment. There also are cases associated with striking neovascu-
larization imparting an almost pseudoangiosarcomatous
morphology.* The increased vascularity may also reflect an
effect of osteopontin, since it has been shown that osteopontin
promotes angiogenesis.

Although calciphylaxis is a form of vascular calcifica-
tion, vascular calcification per se should not be equated
with calciphylaxis. For example, Monckeberg’s medial
calcific sclerosis is an innocuous form of dystrophic
calcification affecting the media of small and medium

Figure 6 Although the dominant localization of calcification is
within the vasculature, there is evidence of extravascular calcification.
The interstitial spaces of the fat show calcium deposits defining a form
of lobular calcific panniculitis. (Hematoxylin and Eosin 400x)
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Figure 7 The largest caliber of vessel is in the 500-micron range.
Note this larger vessel shows an intimal pattern of calcification with
involvement of the endothelium. (Hematoxylin and Eosin 200x)

arteries; the calcium deposits assume a quiescent pattern of
deposition in the wall of the vessel without encroachment
on the intima. True endoluminal -calcification is not
observed, and vascular compromise does not occur
(Figure 9).%¢

Pathophysiology

Given the striking vascular thrombosis and the occur-
rence of cases in which the dominant finding morpholog-
ically is one of a pauci-inflammatory thrombogenic
vasculopathy without calcium deposition, we feel that a
procoagulant state is likely integral to the pathogenesis of
calciphylaxis. A very recent review of the literature found a
strong association between hypercoagulability and calci-
phylaxis. In cases in which the levels of protein C and S
were reported, 38% of the patients had decreased protein C

Figure 8 The microvasculature of the fat shows a stippling of cal-
cium not discernible through routine light microscopic assessment
but only visible on the von Kossa stain. (Von Kossa stain 100x)

Figure 9 This is a classic lesion of Monckeberg’s medial wall
calcific atherosclerosis. Unlike calciphylaxis, the calcium deposi-
tion is within the medial wall and is unassociated with vascular
compromise. (Hematoxylin and Eosin 200x)

levels, and 43% had decreased levels of protein S. From a
review of case reports, three cases of improvement of skin
lesions with low-molecular-weight heparin treatment and a
fourth case of healing of skin lesions with tissue plasmin-
ogen activator treatment were found.?” Calciphylaxis was
also found in a patient with antiphospholipid antibody syn-
drome. In addition, a patient with cryofibrinogenemia had
clinical and histologic findings consistent with possible
calciphylaxis indicative that a hyperviscosity state could
also define a potential risk factor.

While renal disease is a common problem, the rarity of
calciphylaxis leaves many questions as to why certain
patients develop it. Occasionally there are “triggers” which
are thought to induce this syndrome. In the study by
Mazhar et al, women were at a 6-fold higher risk of
developing calciphylaxis. A reduced risk of developing
calciphylaxis was associated with higher levels of serum
albumin during the year prior to diagnosis. There was a
3.51-fold increase in the risk of calciphylaxis associated
with each 1 mg/dL increase in the mean serum phosphate
during the year prior to diagnosis. At the time of diagnosis
of calciphylaxis, for each 10 IU/L increment in alkaline
phosphatase, the risk of calciphylaxis increased by 19%.
Factors that could not consistently be linked with the
development of calciphylaxis included body mass index,
diabetes, blood pressure, aluminum, and higher dosages of
erythropoietin and iron dextran.®

Ectopic production of osteopontin by smooth muscle
cells within the vessel wall is likely a very important factor.
When smooth muscle cells are exposed to high levels of
calcium and/or phosphorus, conversion to an osteogenic
phenotype occurs. Osteopontin production is a feature of
the osteogenic phenotype. One study showed that only
those vessels in which smooth muscle cells expressed
osteopontin exhibited calcification.**** Studies have shown
that the bone-associated protein osteopontin was produced
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at a higher level by smooth muscle cells when cultured
vascular smooth muscle cells were incubated with uremic
serum.>” The role of osteopontin in the pathogenesis of cal-
ciphylaxis may potentially explain why this condition de-
velops in settings other than renal failure. As already
alluded to, calciphylaxis can occur in the setting of inflam-
matory bowel disease, rheumatoid arthritis, cirrhosis, and
myeloma.*' Interestingly, these aforesaid conditions are as-
sociated with increased levels of osteopontin.****

Tumor necrosis factor oo (TNF-ot) induces an osteogenic
phenotype in human vascular smooth-muscle cells. Inter-
leukin (IL) 1, IL-6, and other cytokines appear to contribute
to vascular calcification, independent of TNF-a. In addi-
tion, TNF-a, IL-1, and IL-6 levels are increased in patients
with liver disease.® Patients with liver disease have reduced
levels of the hepatic-derived fetuin-A and matrix GLA
protein (a vitamin K—dependent protein) which are both in-
hibitors of extraosseous calcification.* Hence, alternative
mechanisms leading to calciphylaxis unrelated to uremia
and renal failure could create a microenvironmental milieu
conducive to vascular calcification.

Treatment

Treatment options range from hyperbaric oxygen therapy
to basic wound care. However, the most crucial aspect in
treatment of this disease is successful clinical management
of the underlying disease process, namely, renal failure in the
majority of cases. A multidisciplinary approach involving
several specialists is important, both in understanding the
scope of the disease process and in creating a comprehensive
treatment plan.

Treatment for calciphylaxis is still experimental. Theo-
retically, the vascular calcification that causes the ulcerations
is reversible with aggressive therapy, although this has not
been found to be the case clinically.”’ More aggressive
measures such as limb amputation may be required. In
certain patients, parathyroidectomy has been shown to be
beneficial, with patients reporting significant wound healing
within months of the surgical procedure.*® Dietary changes
such as a reduction in phosphate intake may be useful. In
most studies, hyperbaric oxygen as an approach to treatment
has had variable results.*’ Arch-Ferrer et al observed iron de-
position only in affected microvasculature.*® Although no di-
rect correlation could be made, the study linked iron
replacement therapy and exposure to oral or intravenous
iron prior to the diagnosis of calciphylaxis.

The use of intravenous sodium thiosulfate for chelating
calcium and possibly iron has been a treatment that has
increased in use very recently.*” The pathogenetic basis of
its efficacy is complex but likely relates to its effect on re-
ducing reactive oxygen species, as well as vasodilatory
properties through the generation of glutathione and hydro-
gen sulfide. The reduction of reactive oxygen species is fol-
lowed by a downregultion in the activation of nuclear factor

kP (NF-kB) and subsequent downstream cytokines such as
IL-1 and IL-6, resulting in reduced inflammation. There
also ensues an increase in the synthesis of fetuin-A and ma-
trix GLA protein, both inhibitors of extraosseous calcifica-
tion, as mentioned earlier.*>

Phosphate binders, a low-phosphate diet, low calcium
dialysate, and vitamin D analogs all have been used for
tight control of hyperparathyroidism. Aggressive wound
care with dressing changes, debridement, and negative
pressure wound therapy is necessary. Antibiotics for sec-
ondary infections, hyperbaric oxygenation, and application
of allogenic skin substitutes are further treatment options
for the wounds.*** Prompt diagnosis with definitive
histologic diagnosis is important since many comorbid
conditions may present with lesions that appear similar
and hence delay appropriate treatment.

As many as 34% of patients with end-stage renal disease
have concomitant peripheral vascular disease, and therefore
a distinction between ischemic ulcers and the wounds of
calciphylaxis must be established.’® Wounds suggestive of
calciphylaxis are those that are located proximally, with in-
tact peripheral pulses, no neuropathy, but associated with
pain and subcutaneous nodules.’® Identification of arterial
occlusive disease with revascularization improves wound
healing, and therefore patients diagnosed with calciphylaxis
should be evaluated for underlying peripheral vascular dis-
ease that may be corrected.”® Therefore, early recognition
of the disease and appropriate medical therapy, wound de-
bridement, and correction of underlying vascular disease
lead to improved wound healing and limb salvage.*

Parathyroidectomy has consistently been a controversial
treatment option, primarily with regard to the extent of the
excision. The surgery definitively removes parathyroid
hormone and therefore removes the sensitizing agent, lead-
ing to decreased calcium-to-phosphate ratios. When the pro-
cedure is performed by experienced surgeons, morbidity is
low and the cure rates are high.*® Parathyroidectomy has
been shown to improve survival in some studies but not in
others. Lal et al found no difference in overall survival.”'
However, there was a positive correlation with improved
survival between those who underwent parathyroidectomy
and operative debridement of wounds. A significantly
improved survival rate has been shown with those who
underwent operative debridement alone. It is recommended
that patients undergo total parathyroidectomy without para-
thyroid tissue implantation, completely eliminating the se-
cretion of parathyroid hormone and allowing for medical
treatment of hypoparathyroidism.*® With this treatment op-
tion, Girotto et al showed resolution of pain and improved
healing of wounds, along with improved mortality. A litera-
ture review indicated a significant increase in survival rates
with those who underwent parathyroidectomy compared
with those who did not undergo surgery.

Alteration in NF-kf also plays a key role by its effects of
soft tissue mineralization. The receptor activator of NF-kB
(RANK) and its ligand (RANKL) are essential for normal
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Figure 10 77 year old male on dialysis developed a striking su-
prapubic sharply demarcated deep ulcer. This type of genital/prox-
imal calciphylaxis is associated with a worse prognosis.

bone development, osteoclast differentiation, and bone
mineral resorption. Osteoprotegerin is a dummy antagonist
of RANKL. RANK, RANKL, and osteoprotegerin are ex-
pressed by vascular smooth-muscle cells and endothelial
cells. Increased NF-kf3 activity causes extraosseous mineral
deposition, including involvement of vessels. Inhibition of
RANK-mediated NF-kf3 activity may prevent vascular cal-
cification. Patients treated with biphosphanates that inhibit
RANK-mediated NF-kf activity may show a significant
improvement.®

Prognosis

The prognosis varies according to the site, with proximal
involvement (ie, trunk, shoulders, buttocks, and thighs)
being associated with considerable morbidity and mortality,
while distal lower-extremity skin necrosis is only

.

Figure 11 55 year old female with renal disease developed deep
well demarcated ulcers on the thigh which was preceded an area
of violaceous induration.

infrequently associated with death (Figures 10 and 11). A
6-month mortality rate of up to 80% has been reported in
those with proximal disease (thighs, abdomen wall, and but-
tocks). Penile calciphylaxis is very rare but has a mortality
rate of 69% within 6 months.

In addition, systemic calciphylaxis is associated with
higher mortality (Figure 1).*® In one study, factors associ-
ated with poorer survival included female gender, increased
weight, and the need for vascular procedures. Improved
survival was associated with operative debridement.
Parathyroidectomy alone did not emerge as a determinant
of patient survival.>!

Conclusion

Calciphylaxis represents a unique calcific thrombogenic
vasculopathy not limited to renal failure. Its basis is
complex; however, an underlying procoagulant state and
elevations in osteopontin and reactive oxygen species,
along with a reduction in hepatic proteins to inhibit
extravascular calcification, are likely common pathogenetic
triggers. Rather than a single intervention such as parathy-
roidectomy, a multidisciplinary approach involving early
diagnosis, aggressive medical management, operative de-
bridement, and parathyroidectomy may improve survival in
calciphylaxis.®!
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