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CALCIPHYLAXIS

Calciphylaxis has been classically considered
a rare, life-threatening disease that is usually
observed in patients with renal failure and is char-
acterized by violaceous, reticulate areas of cuta-
neous necrosis and eschar, particularly in the
extremities, raised calcium phosphorous product,
an elevated parathyroid hormone (PTH) level,
radiographic evidence of vessel and soft-tissue
calcification, and the finding of mural calcification
affecting small arteries and arterioles on histopa-
thology.1 Numerous controversial aspects of the
disease are still unresolved, however.

Calciphylaxis: A Changing Concept

Calciphylaxis was first reported by Bryant and
White in 1898, who described the association
between cutaneous gangrene and vascular calcifi-
cation.2 The term ‘‘calciphylaxis’’ was coined by
Selye and colleagues3 in 1962 as a condition of
systemic hypersensitivity induced by a sensitizing
agent that resulted in metastatic calcification in
various organs, analogous to anaphylaxis. They
performed an experimental work, a two-stage
process in laboratory rats. First, a period of sensi-
tization was achieved by various methods
(eg, high phosphate diet, exogenous vitamin D3,
or biochemically induced hyperparathyroidism).
This test was followed by a challenging agent
(eg, egg white, metallic salts, local tissue trauma),
which resulted in cutaneous calcification and
necrosis.

A few years later, a syndrome characterized by
peripheral ischemic tissue necrosis and cutaneous
ulceration was reported in uremic patients, and
because of the resemblance to the animal model
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of Seyle and colleagues, it was termed calciphy-
laxis.4 At this point we should question whether
the term is calciphylaxis appropriate. The truth is
that although a similar clinical picture may be con-
sidered from the two processes, the histologic
findings differ in significant ways. The hallmark of
calciphylaxis in humans is calcium deposition in
small and medium-sized vessel walls, whereas
Seyle’s model in nonuremic rats primarily resulted
in interstitial calcification within the subcutaneous
tissue.

Another question is whether there is unanimity in
the literature about the meaning of calciphylaxis.
Undoubtedly not. The classical definition of calci-
phylaxis includes the presence of painful viola-
ceous reticulate lesions that progress to
necrosis, which typically involves the lower
extremities, the association with renal failure, par-
ticularly in patients who are undergoing dialysis, an
elevated PTH level with dysregulation of calcium
and phosphorus metabolism, and a frequently
fatal outcome.5 Patients described under the
term ‘‘calciphylaxis’’ have clinical findings and
locations different to those previously described,
absence of renal insufficiency, absence of ele-
vated PTH, a normal calcium/phosphate product,
and good prognosis. This is the reason why cases
with characteristics of the so-called calciphylaxis
have received multiple denominations, including
vascular calcification-cutaneous syndrome, ure-
mic small-artery disease, calcifying panniculitis,
uremic gangrene syndrome, uremic small-artery
disease with medial calcification and intimal
hyperplasia, calcific azotemic arteriopathy, or cal-
cific uremic arteriolopathy. All of them are mostly
descriptive, but with a common finding—the calci-
fication of the vessel wall. This is the reason why
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there is a changing concept of what calciphylaxis
means, and many authors suggest that the term
calciphylaxis be abandoned. Others suggest that
although the concept of calciphylaxis is not yet
clearly defined, the term ‘‘vascular cutaneous
calcification’’ should be used.6 It is obvious that
‘‘calciphylaxis’’ is an attractive word that has
achieved a high implantation on the medical com-
munity, but it is equally necessary to reach an
agreement on its meaning and limits.
Associated Disorders

Renal disease and hyperparathyroidism
Calciphylaxis, in its classical concept, occurs most
commonly—but not invariably— in patients with
end-stage renal disease, particularly patients
who are undergoing hemodialysis or peritoneal
dialysis (Box 1).7 It develops in approximately
1% of patients with terminal renal disease.8 One
percent to 4% of patients with renal failure who
are on dialysis are estimated to be affected by cal-
ciphylaxis annually.1,9,10 To be more accurate,
most patients who have undergone long-term
hemodialysis develop intravascular microcalcifica-
tion of the type described in calciphylaxis, but only
a few eventually manifest the characteristic
Box1
Cutaneous vascular calcification: associated
disorders

Renal failure and hyperparathyroidism

Other disorders

� Liver disease (eg, alcoholic cirrhosis)25–27

� Crohn’s disease16

� Malignancies (eg, metastatic breast carci-
noma,28 cholangiocarcinoma,29 malignant
melanoma,30 osteosclerotic myeloma,31

chronic myelomonocytic leukemia32)
� Rheumatoid arthritis on long-term steroid

and methotrexate use33,34

� Protein S deficiency26,33

� AIDS35

� Antiphospholipid antibody syndrome36

� POEMS syndrome37

Cutaneous vascular calcification as an
epiphenomenon6

� Calcinosis cutis secondary to injections
� Sclerosing panniculitis in venous

insufficiency
� Nodular vasculitis
� Leukocytoclastic vasculitis
� Traumatic ulcer
� Epidermoid carcinoma
� Scars
clinicopathologic syndrome. Renal failure seems
to be of varying causes and severity. Chronic renal
insufficiency predominates on the acute and tran-
sitory forms.6,11 Calciphylaxis has been described
in patients in the setting of moderate renal insuffi-
ciency, although other predisposing factors, such
as obesity and diabetes mellitus, were present.12

Calciphylaxis is also frequent in patients who
underwent renal transplantation, including pa-
tients with functioning grafts.13 The association
between nephrogenic fibrosing dermopathy and
calciphylaxis has been described.14

As we pointed out previously, calciphylaxis has
been reported in the absence of renal disease.15–19

Some authors consider that the absence of
severe renal insufficiency or end-stage renal dis-
ease should not dissuade physicians from pursuing
the diagnosis of calciphylaxis, because severe re-
nal dysfunction does not seem to be a necessary
component for the development of the disease.12

Frequently, patients have secondary or tertiary
hyperparathyroidism.9,20,21 In a review of 104
patients with calciphylaxis, Hafner and col-
leagues22 found elevated PTH levels in 75 of 79 pa-
tients who had levels drawn. Budisavljevic and
colleagues8 reviewed 40 patients with calciphylaxis
and showed that PTH levels were elevated in 82%.
Recent reports suggested that the presumed asso-
ciation of elevated PTH levels with development of
calciphylaxis may not be as convincing as ex-
pected based on previous data.12In a series of 16
patients with calciphylaxis, Coates and col-
leagues23 found that only 6 had increased PTH
levels at disease onset, although the other 10 had
a history of elevated values. Bleyer and col-
leagues24 showed that only two out of nine patients
had abnormal PTH levels. Probably many of these
patients who presented with normal or near-normal
PTH levels reflect the increased usage of medica-
tions, such as calcitriol or calcium-containing phos-
phate binders, in an attempt to lower PTH levels.

Other Disorders

Other disorders have been described in associa-
tion with calciphylaxis.1,25–37 Most of them do
not present with renal failure, and their causal rela-
tionship is unclear (Box 1). There is controversy
regarding whether to consider these cases as
true calciphylaxis. Some of them have a clinical
and histopathologic picture as described for typi-
cal calciphylaxis, but others lack these findings.

Cutaneous Vascular Calcification
as an Epiphenomenon

Deposits of calcium at the intimal and medial layer
of small- and medium-sized vessels have been
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described in cutaneous lesions of diseases with
a well-defined diagnosis, such as vasculitis, scle-
rosing panniculitis, and cutaneous tumors
(Box 1).6 They are frequently associated with renal
failure or hypertension or diabetes mellitus or signs
or symptoms of atherosclerosis. The clinical find-
ings are those of the associated disease, and
they predominate on the lower extremities
(Fig. 1). Their consideration as calciphylaxis is
a matter of controversy. The associated disease
probably acts as a triggering factor in a predis-
posed patient.

Pathogenesis

The pathogenesis of calciphylaxis is still poorly
understood and remains speculative. It is thought
to be multifactorial. One of the key factors involved
in the mechanism of tissue calcification, at least in
a wide number of patients, is the dysregulation of
the calcium/phosphate metabolism, which leads
to an elevated calcium/phosphorus product. It is
usually a consequence of renal failure and second-
ary hyperparathyroidism. Levin and colleagues38

even published a mathematical formula to predict
patients at risk for calciphylaxis. They developed
an interesting model for the prediction of the likeli-
hood of calciphylaxis in patients with chronic renal
failure. Gipstein and colleagues39 were among the
first investigators to demonstrate these changes
(all 11 patients of their with chronic renal failure
and calciphylaxis had hyperphosphatemia).
Although these alterations in metabolism were
considered the sine qua non of calciphylaxis,
recent reports have shown growing evidence of
cases with normal levels of calcium and phospho-
rus.8,12 In a case control study of nine patients with
calciphylaxis, Bleyer and colleagues24 observed
that calcium/phosphate products did not signifi-
cantly differ from those of the control patients.
A history of diabetes mellitus (most often with
Fig. 1. Lipomembranous panniculitis with cutaneous
vascular calcification.
complications of the microcirculation, such as
retinopathy or neuropathy), obesity, and athero-
sclerotic vascular disease is frequently found in
these patients,6,40 which suggests that a predis-
posed ground helps the deposition of calcium.

On the other hand, these abnormalities do not
explain the thrombosis in calciphylaxis. In 1990,
Mehta and colleagues41 tried to explain this phe-
nomenon, which in turn might result in ischemia
and tissue necrosis. Their theory was based on
the similarity in the skin lesions of warfarin necrosis
and calciphylaxis. They measured antigenic and
functional protein C levels in patients with end-
stage renal disease and systemic calciphylaxis
undergoing hemodialysis, patients without calci-
phylaxis undergoing dialysis, and normal volun-
teers. Antigenic levels of protein C were normal
in all patients, whereas functional levels were sig-
nificantly reduced in patients with calciphylaxis
compared with patients in the other groups. The
hypercoagulable or prothrombotic state might
result in thrombosis in vessels already narrowed
by calcification. Their findings have been con-
firmed by some investigators, even demonstrating
quantitative reductions of protein C and S.21,42–44

On the contrary, other studies have not substan-
tiated the aforementioned hypothesis. Ross and
colleagues45 questioned the relevance of a low
protein C level because it persisted even when
the lesions were healing, and Rudwaleit and col-
leagues46 described a renal transplant patient on
long-term oral anticoagulant therapy who devel-
oped calciphylaxis, which suggested that hyper-
coagulability does not seem to have played
a significant role. Essary and Wick47 assessed his-
tologic specimens from 13 cases of calciphylaxis,
all with renal insufficiency. They found frank throm-
bosis infrequently, with venular and arteriolar mi-
crothrombi present in 23% of cases. Their results
may reflect a sampling bias, but it also may be
true that acquired coagulopathies help to define
a subset of calciphylaxis cases rather than the en-
tire patient group with this disorder. Endovascular
fibrosis also has been thought to be the cause of
ischemic tissue damage. Sheila and Crawford48

performed a three-dimensional analysis of a calci-
phylaxis plaque and found vascular mural calcifi-
cation as an early and essential process in the
development of the plaque, probably preceding
the other pathologic features.

Recently, studies on vascular disease in humans,
including calciphylaxis, have revealed the presence
of bone glycoproteins, such as matrix Gla protein,
osteopontin, and bone morphogenic protein-4, in
pathologic calcified arteries.49,50 These findings
support the view that they play a role in the develop-
ment of vascular fibrosis and calcification.



Fig. 3. Deep, nonhealing, irregularly shaped ulcers in
the lower limb. Renal failure.
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In predisposed individuals and predisposed
tissue, several aggravating or triggering factors
for vessel calcification in calciphylaxis have been
recognized (eg, systemic corticosteroids, vitamin
D exposure, blood transfusions, low serum albu-
min, oral phosphate binders, metallic salts, calci-
triol, local trauma, ultraviolet light treatment,
warfarin use, malnutrition and weight loss, and in-
sulin injections).1,5,40,51–53 Their role is still contro-
versial because some have proved paradoxically
to be useful in the treatment of calciphylaxis.54

Clinical Manifestations

The mean age of presentation of patients with cal-
ciphylaxis is 48 years (range, 6 months to
83 years).5 It is rarely described in children.55,56

Although a patient’s sex does not seem to predict
higher prevalence, some authors suggest a female
preponderance.6,13,40,57

Skin Manifestations

The clinical manifestations of the skin are heteroge-
neous. The most common presentation in early le-
sions may include erythema, tenderness, mottling/
violaceous discoloration that resembles livedo re-
ticularis, and—rarely—flaccid or hemorrhagic bul-
lae over the affected region. Lesions appear as
painful indurate violaceous plaques or nodules sur-
rounded by a reticulate purpura, which are most
commonly located on the medial thighs, buttocks,
and lower part of the abdomen (Fig. 2). Progression
results in the rapid development of central necrosis
and deep ulcerations with eschar formation (Fig. 3).
Ulcers are nonhealing and irregularly shaped and
have angulated or stellate borders. Lesions tend
to be symmetric, bilateral, and well demarcated.
Sometimes the lesions are so painful that patients
require frequent narcotic medications.58 Peripheral
Fig. 2. Erythematous plaque surrounded by reticulate
purpura. End-stage renal disease under peritoneal
dialysis.
gangrene of the toes and fingers (distal digital gan-
grene) develops occasionally. Peripheral pulses
are preserved distal to the areas of necrosis.
Some cases present without purpura, livedo retic-
ularis, or ulceration.59,60 Although lesions tend to
localize to the lower extremities and abdomen,
they may involve the neck, breast, tongue,61 vulva,5

or penis.7,58,62–64 Some authors suggest that the
distribution of the lesions may predict prognosis;
cases that involve acral (fingers, toes, penis) and
distal (calves, forearms) distribution have a better
prognosis than cases that involve proximal distri-
bution (thighs, buttocks, trunk).
Systemic Manifestations

In addition to the cutaneous syndrome, other sys-
temic manifestations,20,65 caused by vascular and
extravascular calcification of soft tissues and inter-
nal organs, may be present. Because patients with
calciphylaxis usually have multiple pathologies
(renal failure, diabetes mellitus), sometimes the
origin of the systemic involvement is not clear.
Manifestations include skeletal muscle signs or
symptoms that appear as muscle weakness, ten-
derness, or severe myositis15 with rhabdomyoly-
sis,19 calcific cerebral embolism,66 dementia and
infarction of the central nervous system, pulmo-
nary involvement67 with fulminant pulmonary calci-
phylaxis and metastatic calcification causing
acute respiratory failure,68 heart disease (myocar-
dium infarction, cardiac valvular dysfunction, atrio-
ventricular block, and calcification of the cardiac
conduction system, called by some as the syn-
drome of ‘‘bony’’ heart).69 Cardiac valve
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involvement has been attributed to nanobacte-
ria,70 gastrointestinal involvement (bowel infarc-
tion with massive gastrointestinal hemorrhage),71

calcification of the stomach, and occasionally
calcification of the pancreas and adrenals.
Laboratory and Image Findings

Typical cases of calciphylaxis associated with
renal failure present with elevated PTH levels,
high calcium, an elevated phosphate level, an ele-
vated calcium phosphorus product, elevated alka-
line phosphatase, a high urea and creatinine value,
and anemia. Normal values of these parameters
do not exclude diagnosis of calciphylaxis in
patients.

Within radiologic grounds, small vessel involve-
ment, defined by some as a diameter less than
0.5 mm, may be considered the most specific
radiographic finding in calciphylaxis.5 Radiogra-
phy may miss many of the smaller calcifications.
Intraparietal calcification is recognizable as a fine
double-lined network (Fig. 4); however, it should
be noted that vascular calcifications, but not calci-
phylaxis, may be present in 10% of all patients
undergoing hemodialysis, 58% with secondary
hyperparathyroidism, and 75% with tertiary hyper-
parathyroidism.65 Bleibel and colleagues72 dem-
onstrated that simple, safe, and inexpensive
radiographic imaging using the mammography
technique was superior to plain soft-tissue
radiography and three-dimensional CT scanning
in showing the hallmark arteriolar calcificat-
ions of patients with calciphylaxis. They proposed
Fig. 4. Thigh radiology. Vascular calcification in soft
tissues.
a possible role for this technique in diagnosing
calciphylaxis.

Xeroradiography also has been shown to be
a useful technique in determining the involvement
of subcutaneous arterioles in calciphylaxis. The
appearance of arteriolar calcification differs from
that of atherosclerosis, allowing a differential diag-
nosis.73 High-resolution, high-frequency ultra-
sound may aid in the diagnosis of lesions before
the occurrence of the typical skin lesions.74 Finally,
scintigraphic findings were reported in a patient
with calciphylaxis and renal failure showing
increased tracer accumulation in subcutaneous
tissue of the trunk and lower extremities.75

Histopathologic Features

Many histopathologic features have been
described in the cutaneous lesions of patients
with calciphylaxis (Box 2). The finding that defines
calciphylaxis is the presence of small and medium
vessel calcifications (Fig. 5). Small arteries, arteri-
oles, and venules may be involved. Robinson and
di Giovanna5 reported that the size of affected ves-
sels ranged from 0.02 to 0.60 mm and averaged
0.1 mm. Calcium deposits are usually extensive
within the walls of vessels and frequently show
a concentric, circumferential, ring-like pattern.
It seems that there is no apparent relationship be-
tween the size and density of calcium deposits
and the clinical status of the lesions.47 Calcifica-
tion is found chiefly within the media and intima.
The number of calcified vessels varies. They are
found within the dermis and subcutaneous fat
(Fig. 6), particularly in the upper portion of the
Box 2
Histopathologic features in calciphylaxis

� Small and medium vessel calcifications (small
arteries, arterioles, and venules)
� Intimal hyperplasia (endovascular endothe-

lial proliferation and intimal fibrosis)
� Fibrin thrombi in the dermal and subcutane-

ous vessels
� Epidermal ulceration
� Dermal or subcutaneous necrosis
� Degeneration and necrosis of dermal

collagen
� Erythrocyte extravasation
� Acute and chronic septal and lobular

panniculitis
� Mixed inflammatory infiltrate around super-

ficial and deep vessels
� Interstitial deposition of calcium
� Epidermal, hair follicle, and perineurial

calcification
� Pseudoxanthoma elasticum-like features



Fig. 5. Concentric calcium deposits within the vessel
wall. Intimal hyperplasia with partial obliteration of
the lumen.
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subcutaneous tissue. Usually hematoxylin/eosin
examination is wholly sufficient, but in certain
cases, a Von Kossa stain may highlight calcium
deposits and yield a black reaction product.
Sometimes the calcification is associated with lu-
minal thrombosis.

Intimal hyperplasia with endovascular endothe-
lial proliferation and intimal fibrosis in cutaneous
blood vessels is another characteristic finding. It
is more common in advanced lesions.47 The inti-
mal layer has a fibroedematous appearance that
leads to variable degrees of obliteration, rarely
complete. No relationship to the presence or de-
gree of vascular microcalcification in the same
blood vessels has been found.34 Endovascular
fibrosis seems be an active cause of ischemia.76

Fibrin thrombi in the dermal and subcutaneous
vessels are usually found.41,44 They may be asso-
ciated with parietal calcification, but in our
Fig. 6. Vessel wall calcification. Septal and lobular
panniculitis. Epidermal necrosis. Marked erythrocyte
extravasation.
experience, calcified vessels are usually free of
thrombi.6 They are mainly present close to areas
of epidermal/dermal necrosis. Essary and
colleagues47 considered vascular thrombotic
occlusion an infrequent event, with venular and
arteriolar microthrombi present in 23% of cases.

Other findings include epidermal ulceration
secondary to epidermal ischemia and necrosis,
dermal or subcutaneous necrosis under the
epidermal damage, preceded in early lesions by
degeneration and necrosis of dermal collagen.
Erythrocyte extravasation within the dermis and
subcutis is also an early event.47 Acute or chronic
panniculitis is a frequent feature. Calciphylaxis is
included in panniculitis classifications within the
group of mostly lobular panniculitides without vas-
culitis and few or no inflammatory cells.77 Essary
and colleagues47 considered that in addition to mi-
crovascular calcification, the most consistent fea-
ture of calciphylaxis was that of acute or chronic
panniculitis (85% of cases), but with a predominant
septal pattern. In our series of patients, involve-
ment of septal and lobular (with fat necrosis) areas
was easily identified (Fig. 7).6 On the other hand, in
early lesions there are scant or absent inflamma-
tory infiltrates, but in well-formed lesions a slightly
to moderately mixed inflammatory infiltrate
composed of neutrophils, lymphocytes, and
histiocytes is observed around superficial and
deep vessels of the dermis and subcutaneous fat.

Less commonly, interstitial deposition of cal-
cium is observed in the dermis and subcutaneous
adipose tissue, sometimes as delicate groups
surrounding adipocytes (Fig. 8).6 Other findings
exceptionally described include epidermal and
hair follicle calcification,78 perineurial calcium
Fig.7. Lobular involvement of the subcutaneous tissue
around a calcified vessel. Mixed inflammatory
infiltrate.



Fig. 8. Extravascular calcification. Calcium deposits
between adipocytes. Fat necrosis.

Calciphylaxis 563
deposits,79 and pseudoxanthoma elasticum-like
features.80
Prognosis

Prognosis of calciphylaxis is generally poor and is
considered a devastating and life-threatening con-
dition. Patients often die, most commonly from
sepsis, with the bacterial port of entry being skin
ulcerations. Mortality rates have been estimated
to range from 60% to 80%. Fine and Zacharias40

reported on 36 patients with calciphylaxis
(although only 4 had cases confirmed by skin
biopsy). They found that their patients deteriorated
rapidly; 89% of patients who had ulcers at presen-
tation or developed ulcers were dead at the
6-month follow up. The overall mortality rate of
patients who presented with calciphylaxis was
45% at 1 year, 41% for patients who presented
with plaque only, and 67% for patients who pre-
sented with ulceration. All deaths resulted from
sepsis, weight loss/malnutrition, or discontinua-
tion of dialysis. Unfortunately, high morbidity and
prolonged hospitalization define the course of pa-
tients who survive, and a significant number of
them remain either severely disabled or com-
pletely incapacitated by limb amputation. Several
studies have found that proximal locations of ne-
crosis carry an unfavorable prognosis compared
with distal involvement.13,22 On the contrary, a rela-
tionship among distal location of the lesions, nor-
mal serum albumin, and early diagnosis was
related to survival rather than the type of treatment
received.81 Although the general view based on
the reported publications is devastating, we be-
lieve that with current management and control
of cutaneous lesions and associated diseases,
the prognosis is much better. Statistics of future
prospective controlled studies probably will be
more favorable in terms of survival.

Treatment

The treatment of calciphylaxis is generally unsatis-
factory and largely supportive. Patients are often
refractory to different therapies. To improve the
prognosis, early recognition of diseased patients
is important to choose the therapy on an individual
basis and perform a multidisciplinary approach.82

Calcium/Phosphate Metabolism Control

Adjusting serum calcium and phosphate levels
and controlling secondary hyperparathyroidism
are important issues. In some cases, however,
the lesions have progressed despite effective con-
trol of such abnormalities, which suggests that
other factors are important in determining healing.
Although currently there is no unanimity in the way
to approach the condition, varied measures have
been shown to be effective including
� Diet with low phosphate intake
� Phosphate binders (eg, sevelamer

hydrochloride)
� Biphosphonates. Pamidronate inhibits arte-

rial calcification in animal models and proved
to be useful in a patient with calciphylaxis.83

Oral etidronate disodium is also effective.84

� Cinacalcet is a new calcimimetic that has
been used successfully for the treatment of
primary and secondary hyperparathyroidism
normalizing serum calcium. Its efficacy in
patients with calciphylaxis has been demon-
strated by different investigators, presenting
as an alternative to parathyroidectomy.85,86

� Sodium thiosulfate is a potentantioxidant and
chelator of calcium. Used intravenously, it is
useful in reversing the signs and symptoms
of calciphylaxis.87–91 Sodium thiosulfate
was used intraperitoneally in a patient intoler-
ant to the intravenous administration. The
drug was well tolerated and led to removal
of extra calcium with peritoneal dialysis.92

� Parathyroidectomy is a matter of controversy
in the treatment of calciphylaxis.22 For some,
it is the treatment of choice when hyperpara-
thyroidism is determined. Success varies,
however, with some patients being cured
and others continuing to progress. The defi-
nite value of parathyroidectomy is not yet
established because the outcome of patients
is unpredictable. Total, subtotal, ‘‘near total’’
parathyroidectomy (a vascularized parathy-
roid remnant is left in situ),93 and autotrans-
plantation of tissue to the forearm22 have
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been tried. Patients who respond favorably to
parathyroidectomy have shown a rapid reso-
lution of the cutaneous lesions leading to de-
crease in necrosis and wound healing, rapid
relief of pain, and longer survival.94–97 Hafner
and colleagues22 reported survival of 38 of 58
patients who underwent parathyroidectomy
compared with 13 of 37 patients who did
not undergo surgery. Duffy and colleagues
reported on 15 patients with calciphylaxis:
9 were treated with medical therapy (bi-
sphosphonates and phosphate binders) and
6 underwent parathyroidectomy. They con-
cluded that subtotal or total parathyroidec-
tomy was associated with long-term
survival and was more likely to promote
healing if performed earlier in the course of
diseas.96,97 Finally, Arch-Ferrer and col-
leagues98 presented data about 23 of 35 pa-
tients who underwent parathyroidectomy.
Patients with calciphylaxis and secondary
hyperparathyroidism who underwent surgery
had better clinical outcomes and longer
survival times than patients who did not
(P < .04). On the contrary, other investigators
have not reported beneficial effects of para-
thyroidectomy in the progression of necrosis,
lesion ulceration, and survival.8
Avoidance, Control, or Minimizing
Associated and Triggering Factors

Factors known to be associated with calciphylaxis
or factors capable of aggravating or triggering the
disease should be controlled. This is the case in
renal failure, obesity, diabetes mellitus, hyperten-
sion, use of albumin or exogenous vitamin D sup-
plements, local trauma, and administration of
immunosuppressant drugs and corticosteroids.
Although steroids have been attributed to playing
an aggravating role in calciphylaxis, it is also true
that is some cases it has beneficial effects on ulcer
healing.54 Fine and colleagues40 showed how 80%
of 14 patients with nonulcerating lesions who were
treated with steroids presented a significant clini-
cal improvement.

Wound Care and Prevention of Sepsis

Wound care to promote healing and prevention of
sepsis is an essential feature because it is the most
frequent cause of death in these patients. Under
certain conditions, the following measures may
be necessary:
� Surgical debridement. The role of debride-
ment is controversial.99 Some authors con-
sider debridement to be contraindicated.
On the contrary, Weenig and colleagues100

reported an estimated 1-year survival rate
of 61.6% for 17 patients who underwent sur-
gical debridement compared with 27.4% for
the 46 patients who did not (P 5 .008).
In general, we consider debridement of ul-
cers a weighty measure to practice.
� Hydrocolloid and biologic dressings
� Skin grafts and autologous keratinocyte

grafts, which allow pain relief and subse-
quent parathyroidectomy under optimal
conditions101

� Systemic antibiotics
� Oral pentoxifillin combined with maggot

therapy102

� Nutritional support
� Hyperbaric oxygen therapy, which has been

shown to be useful in some patients with
calciphylaxis,103,104 promotes wound heal-
ing by elevating the partial pressure of oxy-
gen within diseased tissue, improving
angiogenesis and phagocytosis, inhibiting
bacterial growth, and decreasing local tissue
edema
� Revascularization and amputation in cases

in which all other interventions have failed
Other Measures

Other measures that might complement the previ-
ously mentioned features include
� Control of pain through analgesics. Pollizotto
and colleagues105 reported symptomatic
treatment of pain with multimodal analgesia
with high-dose opioids, ketamine, and
benzodiazepines. Neurolytic lumbar sympa-
thetic blockade also has been demonstrated
to be useful for alleviating pain associated
with calciphylaxis.106

� Correction of thrombosis at the cutaneous
vascular system. Anticoagulation has been
proposed, based on the theory of Mehta
et al,41 to avoid thrombosis. Rudwaleit and
colleagues46 described a renal transplant
patient on long-term oral anticoagulant ther-
apy who developed calciphylaxis. Finally,
treatment to increase the level of functional
protein C (eg, purified protein concentrates,
fresh frozen plasma) has been suggested in
cases in which deficiency has been
demonstrated.
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