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Calciphylaxis is usually non-ulcerating: Risk factors, outcome

and therapy
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Calciphylaxis is usually non-ulcerating: Risk factors, outcome
and therapy.

Background. Calciphylaxis, historically considered rare, seems
to be increasing in frequency. In our single center, 36 new cases
have accumulated in seven years. The majority of these cases
were non-ulcerating, which we believe to be early disease, in
contradistinction to the vast majority of published cases that
presented with ulcers.

Methods. Prospective data were collected on all patients with
calciphylaxis. As well, a case control study, with two controls
per patient, was performed on patients presenting with non-
ulcerating plaques.

Results. The incidence of calciphylaxis in dialysis patients in-
creased with a rate of 4.5/100 patient-years in the past three
years. Eighty percent of cases presented with non-ulcerating
subcutaneous plaques in the calves, easily confused with cellu-
litis. In those patients presenting with plaques only, the mortal-
ity rate was 33% at six months. Once ulceration develops, the
mortality rate increased to above 80%. Bone scan was positive
in 97% of patients. Steroid therapy appeared to be beneficial
in some patients. Peritoneal dialysis, female sex and diabetes
were risk factors. In the case control study of patients present-
ing with plaques only, serum phosphate (OR 2.6; 95% CI 1.05
to 6.45, P = 0.038) and Ca X P product (OR 1.46; 95% CI
1.02 to 20, P = 0.038) predicted the disease, as did being on cal-
cium salts + vitamin D (OR 4.05; 95% CI 1.14 to 14.5, P = 0.03).

Conclusions. Calciphylaxis is no longer rare. It is usually non-
ulcerating and can be diagnosed clinically in all patients. These
patients have a high mortality, especially once ulceration oc-
curs. Calcium salts plus vitamin D, as well as serum Ca X P
product and high serum P increase the chance of the diseases.
Therefore, the disease may be preventable. Steroids may be of
benefit to some patients.

Calciphylaxis, historically considered rare, is often a
fatal complication of end-stage renal disease [1-3]. It
occurs in both peritoneal and hemodialysis patients and
can occasionally occur pre-dialysis [4, 5]. Ulceration has
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usually been considered to be the hallmark sign of the
condition. However, we have previously described a se-
ries of patients presenting with dense, non-ulcerating
plaques in the calves [6] and this appears to be the most
common mode of presentation in our center. In the past
seven years, we have encountered 36 patients with the
condition, only 20% presenting with ulcers. Those with
ulcers have a very high mortality rate [7]. Others have
also noted an increasing frequency of the disease [8].
The subcutaneous calcium deposition can usually be de-
tected by bone scan [6, 9].

Various putative risk factors have been reported. High
serum Ca X P product has been implicated by some
[10, 11] but not others [4, 12]. Female gender seems to
be a risk factor [4, 13, 14]. The parathyroid hormone
(PTH) level may [15] or may not be [4] a risk factor.
Oral CaCOs; dose has been reported as increasing the
likelihood of the disease [4, 9] but this was not the case
in a recent study [11]. Part of the above discrepancies
lie in the relatively small numbers of patients with the
disease in many of these studies.

This study details our entire experience of calciphy-
laxis in one center over seven years, and describes the role
of various diagnostic tests and patient outcomes. A case
control study was performed on these patients, but ex-
cluded patients presenting with ulcers on the basis that
ulceration probably represents later disease that there-
fore cannot be matched for time of onset. This decision
was based on two observations. Asymptomatic plaques
are often picked up on routine physical examination
in our clinics, and plaques often subsequently develop
into ulcers. Therefore, many patients with ulceration
may have had non-ulcerating disease for a significant
time prior to diagnosis.

METHODS
Patient selection

After observations were analyzed in our first five pa-
tients [6], we prospectively collected data on all cases
of calciphylaxis in our unit, which at present has 200
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peritoneal dialysis and 160 hemodialysis patients. In the
initial case control study of 8 patients, controls were
matched only for duration of dialysis [4]. However, be-
cause female sex and peritoneal dialysis were risk factors
for the disease in that study, subsequent controls, two
per patient, have been controlled for dialysis modality,
duration of dialysis and sex. Control patients must have
started dialysis within three months of the test case start-
ing dialysis.

Hemodialysis patients were usually dialyzed against
1.6 mmol/L Ca™* bath. Kt/V was greater than 1.1. Perito-
neal dialysis patients were either on 4 to 5 cycles per
day (75%) or cycler dialysis. The peritoneal dialysate
Ca™™ has been 2.5 mEq/L since 1996.

Investigations

Serum calcium, phosphate and PTH were measured
by the usual laboratory methods; the upper limit of PTH
in our laboratory is 66 ng/L. Bone scan was performed
using ®"Tc-MDP. Records of calcium salt and vitamin D
(calcitriol) ingestion were obtained by chart review.

Statistics

Statistics were performed on the cases and their paired
controls for all data using multivariate conditional logis-
tic regression for matched case-controls using the SAS
(6.12) program (SAS, Cary, NC, USA). Data are ex-
pressed as mean = SD where applicable.

RESULTS
Incidence

Since our first case seven years ago, a total of 36 pa-
tients have presented with clinical features of calciphy-
laxis, and 79% of these cases have appeared in the past
40 months. This gives a frequency of approximately 4%
of our PD population/year.

Clinical features

On presentation, 80% of patients were diagnosed with
subcutaneous indurated plaques in the legs. These plaques
varied from a couple of centimeters to involving most
of the calf (Fig. 1). The most common site of initial
involvement was 2 to 5 cm above the Achilles tendon.
It is important to note that the plaque-only presentation
may be indistinguishable from cellulitis (that is, tender,
red, and warm). However, with experience, it becomes
easy to feel the plaques. In almost all cases, the plaques
were tender. When patients presented with ulcers, they
were usually very painful, often necessitating strong anal-
gesics. The condition was almost always bilateral.

The ulcers in those patients who presented with ulcer-
ation alone (17%) or ulceration plus plaque (3%) with
usually large confluent ulcers on the legs were usually
located below the knees and most often with consider-
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able eschar. Other patients presented with multiple small
(1 to 3 cm) lesions on legs, lower abdominal wall and
arms (Fig. 1).

The condition was far more common in females (P <
0.02), peritoneal dialysis (PD) patients (P < 0.001) and
diabetics (P < 0.02) than the dialysis population at risk
(Table 1). Age and duration of dialysis were not different
in cases compared with the dialysis population. Two pa-
tients were pre-dialysis.

Investigations

The white blood cell (WBC) count was elevated in
some patients (15%). The bone scan showed abnormal
uptake in 97 % of patients. This uptake was almost always
subcutaneous and in the clinically apparent diseased
areas, but in one patient the distribution seemed to be
at a deeper level. However, in two cases with deep ulcer-
ation affecting more than 50% of the surface area of the
legs below the knee, no uptake was found in the legs
but was marked in the lungs (Fig. 2). Only one patient
had a clearly negative scan (on 2 occasions) in spite of
a positive x-ray and biopsy. X-ray films of the legs were
normal in 29% of patients with confirmed disease (Table
2). The x-ray patterns varied from a diffuse, fine reticular
pattern to a very coarse reticulo-nodular appearance
(Fig. 3). Often vessel calcification was very prominent
and included the small hand vessels.

Biopsies

The diagnosis was confirmed in all four subjects (3
with plaques only, 1 with extensive ulceration) who were
biopsied. However, in one patient the first two biopsies
were negative; only the third biopsy gave a definite diag-
nosis. This patient had extensive ulceration. Two non-
ulcerated patients developed extensive ulceration near
the biopsy site within a few weeks.

Natural history and therapy

Thirty-three percent of the patients presenting with
plaques-only progressed to ulceration with an extremely
high mortality rate (89%). The overall mortality rate
(all patients) at 6 and 12 months was 39 and 45%, respec-
tively, 33% if presenting with plaques only, and 67%
when presenting with ulcers (Table 3). Ulcers at any
time increased the mortality rate to 80%; all of these
deaths were related to calciphylaxis. No ulcers at any
time conferred a good outlook with zero mortality at
six months. Calciphylaxis related causes of death in-
cluded sepsis, weight loss or malnutrition (often related
to large doses parenteral analgesia), and discontinuation
of dialysis.

For those who presented without ulceration; steroid
therapy (prednisone 30 to 50 mg p.o. 0.d. X 3 to 8 weeks)
was administered to one half of the patients. In the early
years we did not use this therapy but now use it regularly
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because of our having seen many dramatic responses.
Our contraindications to steroid therapy included ulcer-
ation anywhere (related to PVD or calciphylaxis) or high
risk of infection. Eighty percent of the treated patients
improved (Table 4). In two of these 11 patients, the good
response lasted two to six months, but the condition
then relapsed into ulcerating disease. In the majority of
responders, an improvement or cure was often rapid

Fig. 1. Patterns of calciphylaxis. (A) Classical presentation with calf
plaques (often confluent), the borders of which are shown with arrows.
Parts of the skin are erythematous, which is easily confused with simple
cellulitis. (B) Gross ulceration (in the same patient 3 months later).
The black eschar has been surgically débrided. (C) Calciphylactic rash
on an arm. (D) Calciphylactic rash on abdomen with 2 to 3 cm ulcers,
with close-up view of lesions (E).

(3 to 60 days), whereas in those patients not given any
specific therapy, any improvement was far more gradual
(2 to 8 months). Of these untreated patients, 55%
worsened and died of ulcerating disease.
Parathyroidectomy was performed in three patients
with PTH values greater than 4 X normal. In all cases
an improvement or cure occurred. A tissue sample from
the calciphylactic area in an amputated leg and a piece of
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Table 1. Patient characteristics in 36 consecutive patients
with clinically apparent calciphylaxis

Dialysis Presentation
population at risk
All cases  patient-years Plaques  Ulcers
N =36 N = 1620 N=29 N=7
Age 54+15 58+14 55+x12  50*14
Female 27(75%) 858 (53%)° 23 (719%) S (71%)
PD 28 (78%) 923 (57%)° 23 (79%) 5 (71%)
Diabetes 24 (67%) 470 (29%)* 18 (62%) 6 (86%)
Dialysis duration
months 28+20 30+15 3323 29+%20

2P < 0.001, °P < 0.02, all cases vs. entire dialysis patient population at risk

A , ‘
ANTERIOR - Posterior
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Table 2. Diagnostic tests for calciphylaxis

Positive Negative Equivocal

Notes

X-ray 5 28 *Both had +ve scans, 1
N=17 had +ve biopsy
Bone scan  34° 1° 1 22 of these pts had —ve
N = 36 uptake in areas of
severe ulceration but
+ve in lungs
*X-ray +ve, biopsy +ve
Biops 4 *In one of these patients
N = first and second biopsy
were —ve, the third one
+ve
LB BONE
. L
R \ L R

ANT POST

Fig. 2. Bone scan abnormalities in calciphylaxis. (A) Classical calf calcification. (B) There is strongly positive lung calcification but negative uptake
in lower legs. At the time of the scan, both lower legs had gross ulceration from popliteal fossa to ankles. Other types are discussed in the Results

section.

a grossly atherosclerotic vessel from a non-renal patient
were analyzed by Fouriere-transformed infrared spec-
troscopy (Nicolet 510 P, Nicolet Instrument Corp., Madi-
son, WI, USA). In both, calcification was in the form of
carbonate apatite.

Risk factors

In the case control study of patients presenting with
plaques-only, serum phosphate and Ca X P product were
significant risk factors for calciphylaxis (univariate and
multivariate; Table 5). Therapy with both Ca salts and
vitamin D three and four months prior to onset increased
the likelihood of getting the disease (univariate OR 3.25;
95% CI 1.009 to 10.520; P = 0.048) and multivariate
OR 4.05; 95% CI 1.14 to 14.5; P = 0.031) with similar

data for one month of this treatment. PTH levels and
coumadin administration were not different between
cases and controls.

DISCUSSION

Our results, to our knowledge the largest single unit
experience reported, demonstrate that calciphylaxis is
far more common in dialysis patients than the literature
suggests. Contrary to the literature, most cases present
with non-ulcerating plaques, which we believe to be the
early form of the disease, that may respond to steroids.
Once ulceration develops, the six-month mortality rate
drastically increases. Serum phosphate, Ca X P product
and combined therapy with calcium salts and vitamin D
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Fig. 3. Patterns of x-ray abnormalities in
calciphylaxis. (A) Diffuse reticular pattern
(with heavily calcified vessels). (B) Gross
confluent patches of calcification. Other
variants are discussed in the Results section.

Table 3. Mortality in 33 patients with calciphylaxis in relation to their clinical findings

Deaths % Deaths related to calciphylaxis
Method of presentation Number 6 months 12 months 6 months 12 months
Plaques only 27 9 (33%) 11 (41%) 89 73
Ulcers = plaques 6 4 (67%) 4 (67%) 100 100
All patients 33 13 (39%) 15 (45%) 93 93
Subsequent clinical status
Plaques— ulcers 9 8 (89%) 8 (89%) 100 100
Ulcers at any time 15 12 (80%) 12 (80%) 100 100
No ulcers at any time 18 0 3 (17%) 66

are risk factors for the disease, as well as female sex,
diabetes and peritoneal dialysis.

The term calciphylaxis is based on the original descrip-
tion in experimental non-uremic rats, in which animals
were sensitized by various measures and subsequently
injected with albumin or traumatized [16]. The animals
developed severe calcification at the injection site as well
as in the atrium of the heart. Calcification was found in

the subcutaneous tissues but without vessel calcification,
the hallmark of calciphylaxis in humans. The experimen-
tal design and histology bear little resemblance to the
human situation. Hence, the variety of nomenclature in
the literature includes calcifying panniculitis, calcific ure-
mic arteriolopathy, necrotizing panniculitis and calcino-
sis cutis. The condition as described in over 98% of all
reported cases is characterized by cutaneous painful ul-
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Table 4. Disease progression and response to treatment
in 27 patients with calciphylaxis presenting with plaques-only

Death within 12

Outcome months calciphylaxis

Therapy Worse Improved/stable Related Not related
Nil

N =11 6 (55%) 5 (45%) 6 (100%) 0
Steroids

N =14 3 (21%) 11 (79%) 3(60%) 2 (40%)
Parathyroidectomy

N=3 3t 0 0

*Two of these patients obtained significant improvement over 2-6 months but
then relapsed, and 1 other patient had steroid therapy

®Parathyroidectomy

¢One patient had both steroid therapy and parathyroidectomy

cers, usually with eschar, usually on the legs, occurring
in dialysis or post-transplantation patients. Marked calci-
fication of blood vessels is often found radiologically.

Several years ago, we described non-ulcerating plaques
in the calves as the major presenting feature in five pa-
tients [6]. Very rare reports of similar plaques had been
described previously [1, 17, 18]. It is clear from the pres-
ent study that presentation with non-ulcerating plaques
is far more common than presenting with ulcers. It is im-
portant to recognize that these lesions are easily missed
by the physician, who often makes an alternative diagno-
sis of cellulitis. After the experience of several cases,
however, the diagnosis can be made rapidly. The condi-
tion has now become so prevalent in our peritoneal dial-
ysis population that we often routinely examine for and
find the condition at clinic visits in early asymptomatic
patients.

The apparent increased incidence of this condition
may, therefore, be partially related to increased physi-
cian awareness. Others, though, have noted an increase
in incidence of ulcerating calciphylaxis in the past few
years [8, 19, 20]. The basics of dialysis therapy have
changed little over the past two decades, other than
changing clearance targets, but our therapy of renal bone
disease has changed dramatically. Hyperphosphatemia
has assumed increasing importance as a direct stimulator
of PTH production in dialysis patients [20] and has re-
cently been shown to be a predictor of mortality [21].
Calcium salts have replaced aluminum salts as phosphate
binders and the usage of vitamin D has increased. Our
finding that the use of calcium salts plus vitamin D in-
creases the risk of developing calciphylaxis suggests that
the disease may be preventable by using non-calcium
containing phosphate binders, or even calcimimetics [22].
Interestingly, it has recently been shown that coronary
artery calcification increases in young dialysis patients
related to calcium-salt ingestion [23], but this does not
progress when changed to non-calcium phosphate bind-
ers [24]. Our results confirm a very recent report in which
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high serum phosphate and Ca X P product increased
the risk of calciphylaxis [25].

The diagnosis is made clinically. For example, we have
not yet encountered a patient who we considered to have
the condition who had negative investigations. The bone
scan is almost always positive and in most cases, the ab-
normal uptake is in the clinically obvious areas. Compa-
rable to the clinical situation, radiologist experience of
the disease increases the sensitivity of the test, especially
when the changes are subtle. We have encountered only
one patient with clinically obvious disease who had a
negative bone scan (which on a repeat scan 2 months
later, was still negative). The diagnosis in this case was
confirmed by x-ray and biopsy. Of the limited number
of patients who had x-rays (N = 7), two were negative
in spite of grossly obvious disease. Overall, therefore,
bone scan is the test of choice for calciphylaxis.

With regard to bone scan, it is interesting to note that
in two of our worst patients, with florid and widespread
deep ulceration of the lower legs, right down to the
muscle (similar to Fig. 1B), there was zero uptake in the
legs but strong uptake in the lungs. It seems probable
that the complete denudation of subcutaneous tissue rids
the limbs of calcium-containing tissue.

There is seldom a need to perform a biopsy, and in
our experience, this can be hazardous. In two of our
four biopsies, both in non-ulcerating patients, ulceration
developed in the region of the incision, within two to six
weeks. The ulceration, surprisingly, did not develop at
the exact biopsy site but 2 to 3 cm away. Both patients
died of rapidly progressive disease. Others have noted
poor healing post-biopsy [26]. A single biopsy may be
negative in the presence of the disease. In one patient
three biopsies had to be taken. The first biopsy did not
contain subcutaneous tissue. The second biopsy was neg-
ative for calciphylaxis, in spite of large amounts of subcu-
taneous tissue in the sample. Only the third biopsy con-
firmed the diagnosis. We have encountered a similar
patient in another hospital who needed three biopsies
to make the diagnosis. The diagnosis was pursued by
repeated biopsies on account of the attending physician
being unfamiliar with the condition. Thus, biopsies over-
all gave no new information to the nephrologist (except
in the first biopsy, which was on our index case). Because
they can be hazardous, biopsies should be discouraged.

The role of parathyroidectomy in this condition is un-
clear and our report does little to expand current knowl-
edge in this area. Some dramatic results have been re-
ported [15] but there is clearly a publication bias for
positive reports. In a review of 47 patients, outcome
was unchanged following parathyroidectomy [14]. How-
ever, all patients in these studies have had ulcerating
disease. In our case control study, all three patients had
resolution of subcutaneous plaques, although in one of
these patients, concurrent steroids were given. In our in-
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Table 5. Case control study of 24 patients with calciphylaxis presenting as plaques-only with two controls per patient

Univariate Multivariate
Cases Control OR = 95% CI P OR = 95% CI P

Phosphate mmol/L 2.15 = 0.79 1.8 = 0.53 2.40 (1.009-5.714) 0.048 2.6 (1.05-6.45) 0.038
Ca mmol/L 2.39 + 0.25 2.34 + 0.23 2.51 (0.042-3.74) 0.42 2.62 (0.3-21.7) 0.37
Ca X P mmollL 523 = 1.8 426 = 1.48 1.43 (1.013-2.02) 0.042 1.46 (1.02-20.9) 0.038
PTH ng/L 527 = 323 585 + 670 1.0 (0.999-1.001) 0.68 1.0 (0.99-1.01) 0.79
CaCO;

3 & 4 months 4.0 (1.07-14.92) 0.039 3.92 (0.98-15.6) 0.053
Vitamin D

3 & 4 months 2.6 (0.818-8.26) 0.55 2.51 (0.78-8.06) 0.62
Ca + Vitamin D

3 & 4 months 3.25 (1.009-10.529) 0.048 4.05 (1.14-14.5) 0.03
Ca + Vitamin D

1 month 2.86 (0.96-8.6) 0.060 3.56 (1.0-12.66) 0.05

Data on 3 patients were incomplete and are not included in the case control study.

dex case, the very extensive and confluent plaques ex-
tending throughout the entire calves (similar to Fig. 1A)
started to resolve within two weeks of parathyroidec-
tomy and within four months had completely resolved.
We have not considered parathyroidectomy on exten-
sively ulcerated patients because they are so often debili-
tated, have advanced disease and are in too poor a condi-
tion for surgery. Further studies are needed to define
the role of parathyroidectomy.

The dramatic twofold increase in mortality when ul-
cers develop strongly suggests that all possible therapy
should be entertained to prevent ulceration. The decision
to treat some patients with steroids was initially prompted
by a predominance of cellulitis-type symptoms and signs
in several patients. In several patients, the response to
treatment was dramatic, with reduction in pain and red-
ness within 3 to 10 days. In many others, the disappear-
ance of the lesions takes two to three months after ther-
apy started. The majority of plaque-only patients develop
ulceration (with an 89% mortality rate) when untreated
as distinct from only 21% of those treated with steroids.
However, the low numbers of patients and the arbitrary
decision-making for steroid therapy do not allow valid
statistical analysis. Only two patients in the literature
have been given steroids [27, 28], with one patient ob-
taining a good response was obtained [27] but not the
other. It is our recommendation that all patients with
non-ulcerating disease be given a therapeutic trial of
steroids, unless medical contraindications exist, but fur-
ther studies are clearly needed.

Hyperbaric oxygen has been shown to reverse ulcer-
ation in some patients [29] and in support of this therapy,
low skin oxygen tensions have been found in the limbs
of patients with calciphylaxis [30]. We have no experi-
ence of its usefulness.

Part of the high mortality rate in these patients relates
to the accompanying co-morbid conditions that include
cardiovascular disease, poor nutrition and diabetes. How-

ever, these conditions are not prerequisite for the condi-
tion, as our three most severe cases had no known detect-
able vascular disease.

The female predisposition to calciphylaxis may be par-
tially related to the increased fat mass in females because
fat has less blood supply than other tissues. The increased
frequency of diabetes in these patients could further
compromise circulation. It is possible that the increased
frequency of calciphylaxis in PD patients is due to the
constant exposure to hyperphosphatemia compared to
hemodialysis, where significant reductions in serum phos-
phate occur after each treatment.

Another factor could be that adynamic bone disease
is more common in peritoneal dialysis patients and in
diabetics [31, 32]. In this condition, the bones have a
reduced buffering capacity for additional calcium, pre-
sumably leading to increased tendency for tissue calcifi-
cation [33]. Parathyroidectomy in such patients with cal-
ciphylaxis is unlikely to be of any benefit. Although our
results confirm previous reports of the lack of effect of
PTH levels on onset of calciphylaxis [11, 25] this cannot
be ruled out as a factor due to the recent finding that the
1-84 intact hormone assay may include a very significant
amount of inactive 7-84 PTH [34]. Further studies of
active PTH levels in calciphylaxis need to be performed.

We are convinced that plaque-only patients have cal-
ciphylaxis rather than a novel calcifying disorder for the
following reasons. The histology and bone scans are the
same whether ulcerating or not. One third of patients
with plaques-only develop ulceration and many patients
have both ulcers and plaques simultaneously. Plaque-
only presentation probably reflects early, potentially
treatable disease.

In conclusion, the frequency of calciphylaxis seems to
be markedly increasing, probably related to long-term
and wide usage of calcium salts plus vitamin D. The dis-
ease is clinically obvious but can be confirmed by bone
scan. The vast majority of cases have non-ulcerating
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plaques representing early disease. Steroids seem to be
beneficial in reducing the development of ulceration,
which carries an over 80% mortality rate. New phos-
phate-lowering therapies may prevent this condition in
the future.

ACKNOWLEDGMENTS

This work was supported by an unrestricted grant from Baxter
Corporation (Canada) and, in part, by a grant from the Kidney Founda-
tion of Canada (Manitoba Branch). These results were presented to
the ASN/ISN World Congress of Nephrology, 2001, San Francisco.
The authors acknowledge the invaluable assistance of B. Fontaine,
M. Krausher and B. Rich in collating the data, and to Dr. D. Parry,
Biochemistry Department, St. Boniface General Hospital, for analyz-
ing tissue samples.

NOTE

Since this article was accepted for publication, six new patients have
been diagnosed with calciphylaxis (4 non-ulcerating and 4 on PD).

Reprint requests to Dr. Adrian Fine, Room BG007, St. Boniface Gen-
eral Hospital, 409 Tache Avenue, Winnipeg, Manitoba, Canada R2H 2 A6.
E-mail: afine@sbgh.mb.ca

REFERENCES

1. GipsTeIN NM, CoBURN JW, ApAMs DA, et al: Calciphylaxis in man.
Arch Intern Med 136:1273-1280, 1976
2. RicHArRDON JA, HERRON G, REITZ R, LAYZER G: Ischemic ulcer-
ations of skin and necrosis of muscles in azotemic hyperparathy-
roidism. Ann Intern Med 71:129-138, 1969
3. ANDrOGUE HJ, Frazier MR, ZELUFF B, Sukt WN: Systemic calci-
phylaxis revisited. Am J Nephrol 1:177-183, 1981
4. ZacHARIAS JM, FonTAINE B, FINE A: Calcium use increases risk of
calciphylaxis: A case control study. Perit Dial Int 19:248-252, 1999
5. Kent RB, LyrLerLY RT: Systemic calciphylaxis. South Med J 87:
278-281, 1994
6. FINE A, FLEMING S, LEsLIE W: Calciphylaxis presenting with calf
pain and plaques in four continuous ambulatory peritoneal dialysis
patients and in one pre-dialysis patient. Am J Kidney Dis 25:498—
502, 1995
7. BubisavLievic MN, CHEEK D, PLotH DW: Calciphylaxis in chronic
renal failure. / Am Soc Nephrol 7:978-982, 1996
8. NissensoN AR, NicuoLs WK: Necrotizing panniculitis in a mor-
bidly obese patient with end-stage renal disease: Peritoneal dialysis
case forum. Perit Dial Int 18:546-553, 1998
9. CampistoL JM, ALMIRALL J, MARTIN E, et al: Calcium-carbonate
induced calciphylaxis. Nephron 51:549-550, 1989
10. Torok L, KozepEssy L: Cutaneous gangrene due to hyperparathy-
roidism secondary to chronic renal failure (uremic gangrene syn-
drome). Clin Exp Dermatol 21:75-77, 1996
11. RyanMJ, Davis CL, STEHMAN-BREEN CO: Risk factors and mortal-
ity associated with calciphylaxis in end-stage renal disease. Kidney
Int 60:324-332, 2001
12. BLEYER AJ, CHol M, IGWENEZIE B, et al: A case control study of
proximal calciphylaxis. Am J Kidney Dis 32:376-383, 1998
13. Coates T, KirkLaAND GS, Dymock RB, et al: Cutaneous necro-

14.

15.

16.
17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

2217

sis from calcific uremic arteriolopathy. Am J Kidney Dis 32:384—
391, 1998

CHAN YL, MaHoNyY JJF, TURNER JJ: The vascular lesions associated
with skin necrosis in renal disease. Br J Dermatol 109:85-95, 1983
HArNER J, KeEuscH G, WaHL C, Burc G: Uremic small-artery
disease with medical calcification and intimal hyperplasia (so-called
calciphylaxis): A complication of chronic renal failure and benefit
from parathyroidectomy. J Am Acad Dermatol 33:954-962, 1995
SEYLE H: Calciphylaxis. Chicago, University of Chicago Press, 1962
Luco-SomoLiNnos A, SANCHEZ JL, MENDEZ-CoLL J, JoGLAR F: Cal-
cifying panniculitis associated with polycystic disease and chronic
renal failure. J Am Acad Dermatol 22:743-747, 1990

KovrtoN B, PEDERSEN J: Calcinosis cutis and renal failure. Arch Der-
matol 110:256-257, 1974

DaHLBERG PD: E-mail contribution to the discussion on
NEPHROL@majordoma.srv.ualberta.ca, 28 May 1998

FINE A, Cox D, FonTaINE B: Elevation of serum phosphate affects
PTH levels in only 50% of hemodialysis patients which is unrelated
to changes in serum Ca**.J Am Soc Nephrol 3:1947-1953, 1993
Brock GA, HULBERT-SHEARON TE, LEvIN NW, Port FK: Associa-
tion of serum phosphorus and calcium x phosphate product with
mortality risk in chronic hemodialysis patients: A national study.
Am J Kidney Dis 31:607-617, 1998

CoBURN JW, ELANGOVAN L, GoopmMaN WG, Frazao JM: Calcium
sensing receptor and calcimimetic agents. Kidney Int 56(Suppl 73):
S52-S58, 1999

GoopMaN WG, GorpiN J, KuizoN BD, et al: Coronary artery
calcification in young adults with end-stage renal disease who are
undergoing dialysis. N Engl J Med 342:1478-1483, 2000
CHERTOW G: Press release. European Renal Association Meeting,
Austria, June 2001

AHMED S, KaLisHA D, O’NEILL BS, et al: Calciphylaxis is associated
with hyperphosphatemia and increased osteopontin expression by
vascular muscle cells. Am J Kidney Dis 37:1267-1276, 2001
KANE WJ, PETTY PM, STERIOFF S, et al: The uremic gangrene syn-
drome: Improved healing in spontaneously forming wounds fol-
lowing subtotal parathyroidectomy. Plast Reconstr Surg 98:671—
678, 1996

EramiNe EM, McDoNALD AB: Calcifying panniculitis with re-
nal failure: A new management approach. Dermatology 192:156—
159, 1996

Lowry LR, TscHEN JA, WoLF JE, YEN A: Calcifying panniculitis
and systemic calciphylaxis in an end-stage renal patient. Cutis 51:
245-247, 1993

Vassa N, Twarpowsk1 ZJ, CAMPBELL J: Hyperbaric oxygen ther-
apy in calciphylaxis-induced skin necrosis in a peritoneal dialysis
patient. Am J Kidney Dis 23:878-881, 1994

WiLMER WA, VorosHILova O, SINGH 1, ef al: Transcutaneous oxy-
gen tension in patients with calciphylaxis. Am J Kidney Dis 37:797—
806, 2001

SHERRARD DJ, HERCZ G, PEI' Y, et al: The spectrum of bone disease
in end-stage renal failure: An evolving disorder. Kidney Int 43:436—
442, 1993

CoutteNYE MM, D’HAEse PC, DENG JT, et al: High prevalence
of adynamic bone disease diagnosed by biochemical markers in a
wide sample of the European CAPD population. Nephrol Dial
Transplant 12:2144-2150, 1997

Kurz P, MoNIER-FAUGERE M, BoGNAR B, et al: Evidence of abnor-
mal calcium homeostasis in patients with adynamic bone disease.
Kidney Int 46:855-861, 1994

LeraGe R, Roy L, Brossarp JH, er al: A non-(1-84)circu-
lating PTH fragment interferes significantly with intact PTH com-
mercial assay measurements in uremic samples. Clin Chem 44:805—
809, 1998



