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Background and objectives: Calciphylaxis, or calcific uremic arteriolopathy, is a well-described entity in end-stage kidney
disease and renal transplant patients; however, little systematic information is available on calciphylaxis from nonuremic
causes. This systematic review was designed to characterize etiologies, clinical features, laboratory abnormalities, and
prognosis of nonuremic calciphylaxis.
Design, setting, participants, & measurements: A systematic review of literature for case reports and case series of
nonuremic calciphylaxis was performed. Cases included met the operational definition of nonuremic calciphylaxis– histopathologic diagnosis of calciphylaxis in the absence of end-stage kidney disease, renal transplantation, or acute kidney
injury requiring renal replacement therapy.
Results: We found 36 cases (75% women, 63% Caucasian, aged 15 to 82 yr) of nonuremic calciphylaxis. Primary hyperparathyroidism, malignancy, alcoholic liver disease, and connective tissue disease were the most common reported causes.
Preceding corticosteroid use was reported for 61% patients. Protein C and S deficiencies were seen in 11% of patients. Skin
lesions were morphologically similar to calcific uremic arteriolopathy. Mortality rate was 52%, with sepsis being the leading
cause of death.
Conclusion: Calciphylaxis should be considered while evaluating skin lesions in patients with predisposing conditions
even in the absence of end-stage kidney disease and renal transplantation. Nonuremic calciphylaxis is reported most often in
white women. Mineral abnormalities that are invoked as potential causes in calcific uremic arteriolopathy are often absent,
suggesting that heterogeneous mechanisms may contribute to its pathogenesis. Nonuremic calciphylaxis is associated with
high mortality, and there is no known effective treatment.
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C

alciphylaxis, or calcific uremic arteriolopathy (CUA),
is a rare but well-described entity in end-stage kidney
disease (ESKD) and in renal transplant patients. Prevalence of CUA has been reported as 4% in hemodialysis patients (1), and the incidence of this disorder may be increasing
in patients with ESKD (2). The reasons for the increasing incidence of CUA are unclear. Although abnormal bone and mineral metabolism, hyperparathyroidism, and vitamin D therapy
are often assumed to contribute to CUA, the mechanisms of
disease are poorly understood; therefore, therapeutic strategies
are of unproven benefit, and mortality remains high.
Calciphylaxis has also been reported in patients without
ESKD; however, little systematic information is available on
calciphylaxis from nonuremic causes. We performed a systematic review of calciphylaxis from nonuremic causes (NUC) to
characterize the etiologies, clinical features, laboratory abnormalities, and prognosis of NUC. Detailed exploration of the
clinical features of NUC could help inform further understanding of CUA.
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Materials and Methods
Two authors (S.N. and J.H.) searched MEDLINE, Ovid, Embase, and
Google Scholar independently and in duplicate, using the MeSH terms
[Calciphylaxis and etiology or causes]. Cases included were those that met
the operational definition of NUC– histopathologic diagnosis of calciphylaxis in the absence of ESKD, severe chronic kidney disease defined
as serum creatinine ⬎3 mg/dl or creatinine clearance ⬍15 ml/min,
acute kidney injury requiring renal replacement therapy, and renal
transplantation. There were no language restrictions. We reviewed
references of all reports for additional cases. We used the related
articles link and searched the citations of reports in the ISI Science
Citation Index to identify additional reports. We independently reviewed the full text of these articles and abstracted data on age, gender,
race, etiologic conditions, clinical features (duration of onset, location
and morphology of lesions), laboratory parameters, offered treatments,
and outcomes. Summary tables illustrating this information were prepared.

Results
We identified 31 citations including 36 cases of NUC (3–33).
These included 27 individual case reports (3,5,7–25,27–32) and
four case series (4,6,26,33). A summary of the literature search
strategy is provided in Figure 1. All of the included cases had
histopathologic findings consistent with calciphylaxis. The
most commonly reported histopathologic findings were calcifications of medium and/or small arteries (n ⫽ 31) along with
ischemia (n ⫽ 15) and necrosis of subcutaneous fat (n ⫽ 10).
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Table 1. Causes of nonuremic calciphylaxisa

Figure 1. Summary of literature search strategy. CKD, chronic
kidney disease; ESKD, end-stage kidney disease.
Other findings that were reported included presence of microthrombi (n ⫽ 7), widespread septal panniculitis (n ⫽ 3), and
endovascular fibrosis (n ⫽ 2). Patients ranged in age from 15 to
82 yr; 15 patients were older than 60 yr, 17 patients were
between 30 and 50 yr, and three patients were younger than 30
yr. Most patients were women (n ⫽ 27), and for the 18 cases for
which race was reported, 15 were white.
Primary hyperparathyroidism (4,7,19,24,27,29,33), connective
tissue diseases (6,20,28), alcoholic liver disease (9,11,13,
14,16,22), and malignancies (5,15,17,21,23,30,31) were the most
common causes of NUC (Table 1). Diabetes (26), chemotherapy-induced (cyclophosphamide, Adriamycin, and fluorouracil)
protein C and S deficiency (18), Crohn disease (3), POEMS
syndrome (12), vitamin D deficiency (10), weight loss (25),
chronic kidney disease (not ESKD) (32), and osteomalacia
treated with nadroparin calcium (8) were the remaining reported etiologic conditions. In 22 cases, corticosteroid use was
an associated predisposing factor (3,6,7,12,13,20,21,23,28,30,33),
warfarin use was reported in nine cases (5,6,31), albumin or
blood transfusions were reported in seven cases (4,9,12–15,19),
and protein C or S deficiency was reported in four cases
(9,16,18,20). Precipitating trauma leading to cutaneous lesions
was reported in only two cases (10,21). Diabetes as an associated condition (not as a primary cause of NUC) was reported in
eight cases (5,9,10,15,24,27,31).
Most of the lesions of NUC were located on distal legs (n ⫽
15), 10 cases had proximal lesions (thighs, abdomen, or buttocks), and 11 cases had both proximal and distal involvement.
Involvement of upper extremities was reported in four cases
(3,6,20,23), and genital involvement was reported in two cases
(12,29); however, involvement of penis was not reported in
NUC. Morphologically, the skin lesions appeared as indurated
nodules, necrotic eschars, ulcerations, dry gangrene, and livedo
reticularis and were similar in appearance to what has been
described in CUA.

Cause

No. of Cases
(%)

Primary hyperparathyroidism
Malignancyb
Alcoholic liver disease
Connective tissue diseases
Diabetes
Chemotherapy-induced protein
C and S deficiency
Crohn disease
Osteomalacia treated with
nadroparin calcium
POEMS syndrome
Vitamin D deficiency
Weight loss
CKD (not ESKD)

10 (27.8)
8 (22.2)
6 (16.7)
4 (11.1)
2 (5.5)
1 (2.8)
1 (2.8)
1 (2.8)
1 (2.8)
1 (2.8)
1 (2.8)
1 (2.8)

a

CKD, chronic kidney disease; ESKD, end-stage kidney
disease.
b
Cholangiocarcinoma, chronic myelocytic leukemia,
malignant melanoma, metastatic breast cancer, and multiple
myeloma; includes one case of metastatic parathyroid
carcinoma causing primary hyperparathyroidism.
c
Giant cell arteritis and rheumatoid arthritis.

A summary of laboratory parameters in NUC cases is shown
in Table 2. The majority of the cases had normal serum calcium
(58%), normal serum phosphorous (69.4%), normal calcium
phosphorous product (72.2%), and low or normal serum parathyroid hormone levels (50%). Marked elevation in serum calcium (equivalent to ⬎12 mg/dl) was seen in six cases
(17,19,21,22,34), and marked serum phosphorous elevations
were seen in only two cases (3,15). Elevation of calcium-phosphorous product ⬎50 was seen in only seven cases
(3,7,17,19,21,22,33). Among patients who had primary hyperparathyroidism as a cause of NUC, serum parathyroid hormones were elevated to between 1.5 to 2.0 times the upper limit
of normal range, unlike in patients with CUA, in whom serum
parathyroid hormone levels are frequently elevated three to
four times the upper limit of normal range. Renal function
varied, but most patients had normal serum creatinine values
(ⱕ1.2 mg/dl). Only three patients had serum creatinine levels
⬎2.5 mg/dl (3,15,19).
For patients with NUC, the mortality rate was 52%, and
sepsis was the most common cause of death, contributing to
50% of all deaths. Most of the deaths occurred between 2 wk
and 1 yr after the diagnosis of NUC. Reported treatments
included supportive wound care with pain control, empiric
antibiotic therapy, treating underlying etiologic conditions (e.g.,
parathyroidectomy for patients with hyperparathyroidism),
and removing potential precipitating factors (e.g., corticosteroids, albumin infusions). Vitamin D supplementation as treatment was given in three cases (6,24), and inorganic intravenous
phosphorous was administered in one case (17). Systemic corticosteroids were used in the treatment of NUC in five cases
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Table 2. Laboratory parameters in nonuremic
calciphylaxis
Characteristic

Serum calcium (mg/dl)
normal (8.5 to 10.2)
mild elevation (10.3 to 12.0)
marked elevation (⬎12.0)
not reported
Serum phosphorus (mg/dl)
low (⬍2.2)
normal (2.2 to 4.5)
mild elevation (4.6 to 6.0)
marked elevation (⬎6)
not reported
Calcium-phosphorus product
⬍50
⬎50
not reported
Serum PTHa
low
normal
high
not reported
Serum creatinine (mg/dl)
ⱕ1.2
1.3 to 1.5
1.6 to 2.5
2.6 to 3.0
not reported

No. of cases
(%)

21 (58.0)
7 (19.4)
6 (16.6)
2 (5.6)
3 (8.3)
25 (69.4)
3 (8.3)
2 (5.6)
3 (8.3)
26 (72.2)
7 (19.4)
3 (8.3)
4 (11.1)
14 (38.9)
11 (30.5)
7 (19.4)
14 (42.4)
2 (6.1)
5 (13.9)
3 (8.3)
12 (33.3)

a

Assay types and normal ranges of parathyroid hormone
(PTH) assays varied in the included reports. We divided
them as low, normal, and high on the basis of the
interpretation of the values by the individual study authors.

(6,13,21,33); four of these five cases were met with mortality.
None of the NUC cases reported modalities such as sodium
thiosulfate, cinacalcet, or hyperbaric oxygen therapy, which
have been reported for the treatment of CUA (34 –36). Complete
resolution of skin lesions was reported in 16 cases between 3
mo and 1 yr after diagnosis.

Discussion
Calciphylaxis was first described by Selye et al. (37) in 1961 as
a systemic hypersensitivity reaction. In animal experiments,
they induced calcification of various organs after animals had
been exposed to one of several sensitizing agents referred to as
“calcifiers” (e.g., dihydrotachysterol, vitamin D2, vitamin D3,
parathyroid hormone), followed by exposure to a “challenger”
(e.g., metallic salts such as iron and aluminum, egg albumin,
trauma). A few years after Selye et al. coined the term, calciphylaxis was reported in humans as a syndrome primarily seen
in uremic patients characterized histopathologically by smallvessel mural calcification, extravascular calcification, and
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thrombosis leading to ischemia with skin and soft tissue necrosis and high mortality.
In this systematic review of NUC, which is the largest to date,
we were able to study 35 reported cases of NUC, eight of which
were reported before 1990, eight between 1990 and 2000, 12
between 2001 and 2005, and eight in the past 2 yr. Although
Selye et al. introduced the term “calciphylaxis” in 1961, the first
cases that fit our operational definition of NUC were reported
in 1956 by Bogdonoff et al. (4) and are included in this review.
Reporting of NUC has clearly increased over time, suggesting
rising incidence of NUC; alternatively, increased awareness
that the condition can occur outside of ESKD and renal transplant recipients may have led to a greater number of cases
being diagnosed and ultimately reported in the literature. Thus,
although some have suggested that the increased incidence of
CUA reflects more aggressive treatment of mineral metabolism
and secondary hyperparathyroidism among dialysis patients,
in fact, the apparent increase in CUA parallels that of NUC and
may also be due to increased awareness and earlier skin biopsy.
It is speculated that metabolic abnormalities and therapies
that are associated with uremia, such as secondary hyperparathyroidism, hyperphosphatemia, hypercalcemia, vitamin D
supplementation, and calcium-based phosphate binders, are
precipitating factors in CUA (38). The histopathologic picture of
prominent soft tissue calcification seemed to support that view.
Thus, it is interesting to note that the majority of patients in this
report had normal or low values of calcium, phosphate, and
parathyroid hormone, and one was vitamin D deficient. Although “consumption” of calcium and phosphorous during the
precipitation process may partly explain normal or low serum
levels of these minerals, and abnormalities of bone and mineral
metabolism with associated therapies may be contributory to
calciphylaxis in certain cases, the pathogenesis is likely far more
complex than our current understanding and may represent a
common histopathologic pattern of tissue injury in response to
a variety of heterogeneous insults.
Deficiencies in vascular calcification inhibitors such as fetuin-A and matrix Gla protein (39 – 41) have now been postulated to play a key role in CUA, further expanding our
understanding of the complexity of vascular calcification.
Derangements of receptor activator of NF-B (RANK), RANK
ligand, and osteoprotegerin may also be involved in the pathogenesis of CUA because this system is involved in regulation of
extraskeletal mineralization (42). Some of the factors that predispose to NUC (parathyroid hormone, corticosteroids, and
liver disease) are known to increase the expression of RANK
ligand and decrease the expression of osteoprotegerin, thus
activating NF-B or degrading the inhibitory protein of NF-B
(or a combination of these) (43– 45). Warfarin may inhibit vitamin K– dependent carboxylation of matrix-Gla protein, decreasing the activity of the protein to inhibit calcification locally
(46). In a case of weight loss–related calciphylaxis, increased
levels of systemic matrix metalloproteinases were thought to be
etiologically important (24); however, the pathogenesis of NUC
is not well understood, and specific factors that induce this
disorder in an individual patient are not known. Although the
data are sparse, it is noteworthy that use of systemic cortico-
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steroids to treat NUC was associated with high mortality in our
study and in a previous case series.
A systematic review of this entity is limited by incomplete
information, the lack of a standardized method of reporting,
and possible selection and publication biases. Furthermore,
although the recognition of NUC may be increasing in recent
years, the lack of awareness about this condition may have
resulted in underrecognition and then underreporting of this
condition, limiting representativity of our systematic review.
The reported etiologic conditions and predisposing factors
listed in our review are as per the individual reports that were
included in our review. Although we carefully analyzed each
individual report included in our review to eliminate other
possible causes of NUC, it is possible that some of the reported
conditions are simply “associations” with the NUC and not
necessarily a “cause” for this condition. Our review was limited
to those cases with histopathologic confirmation, omitting cases
of possible or probable NUC as suggested by imaging studies
or bone scans, and those for which histopathologic confirmation could not be obtained (47,48). Although our method may
have excluded some cases of true NUC, far more cases of NUC
likely never reached clinical detection, a limitation that continues to challenge efforts to quantify accurately the syndrome’s
incidence and systematically analyze its risk factors.

Conclusions
NUC is a well-reported, often lethal entity that may be becoming more common. Most cases are due to primary hyperparathyroidism, malignancies, and connective tissue diseases.
A high index of suspicion for NUC should be maintained while
evaluating skin lesions in patients with these underlying conditions even in the absence of ESKD and renal transplantation.
NUC is mostly seen in white women, and characteristic laboratory abnormalities that are seen in CUA may not be present
in NUC. The pathogenesis of NUC remains unclear, and no
effective specific treatments are available.
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