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Background: Calciphylaxis is a rare but severe complication mostly affecting patients with
end-stage renal disease (ESRD) and is associated with high morbidity and mortality. The
natural history, concomitant factors, pathogenesis, and treatment for calciphylaxis remain
equivocal.

Methods: We conducted a retrospective study on patients diagnosed with calciphylaxis in
a tertiary care center between January 1, 2012, and December 31, 2017. We describe
demographics, co-morbidities, laboratory parameters, effectiveness of sodium thiosulfate
treatment and outcomes.

Results: Of the 30 patients (age 65.6 + 12.79 years, male:female = 8:22), 23 (76.67%) had
ESRD and were either on hemodialysis (15 [65.22%], median duration 22.5 months [range
0.2-96 months]) or peritoneal dialysis (8 [34.78%], duration 29+10 months). Predisposing
home medications: 8 (28%) had calcium supplements, 10 (36%) had warfarin, 16 (57%) had
vitamin D and 5 (18%) had iron supplements. The median parathyroid hormone (PTH) level
was 239.8 pg/mL (range 4.7-2922). Calciphylaxis was found on extremities in 21 (70%) and
on torso in 6 (20%) patients. Sodium thiosulfate (STS) was given for treatment in 20 (67%)
patients and 3 were cured in <2.25 months. One-year survival for all patients with calciphy-
laxis was 26% (29% for STS group and 20% for those that did not receive STS) and
following any surgical treatment regardless of STS use was 14%.

Limitations: Retrospective design, absence of a control group and low power.
Conclusion: Calciphylaxis was more common among females with a predilection for
extremities over the torso. Elevations in PTH and inflammatory markers were common.
Treatment with STS did not show a statistically significant improvement in survival. Those
who were cured, were treated with STS up to three months.

Keywords: calciphylaxis, sodium thiosulfate, calcific uremic arteriolopathy, calcification,
non-uremic calciphylaxis

Background

Calciphylaxis is a serious condition with high morbidity and mortality commonly
affecting the ESRD population. However, it can also be seen in patients without
kidney disease or those with earlier stages of kidney disease and is termed Non-
Uremic Calciphylaxis.! The condition is rare with an annual incidence estimated to
be around 0.4% in the United States and increasing, perhaps due to increased
awareness of the condition.'” Unfortunately, the pathogenesis of calciphylaxis is
not fully understood which makes it extremely challenging to treat. Histologic
analysis and animal models suggest that calciphylaxis occurs due to calcification
of small arterioles in the dermis and hypodermis layers of the skin. The calcification
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begins in the media of small arterioles and is associated
with thrombosis and hyperplasia of the intimal layer.
Occlusion of microvasculature results in ischemia and
necrosis of the overlying skin and soft tissue.'"

The current leading hypothesis is that there is an
imbalance of promoters and inhibitors of calcification
that lead to calciphylaxis. The three main inhibitors of
calcification studied are Matrix Gla-Protein (MGP),
Fetuin-A and inorganic pyrophosphate (PPi). The levels
of these proteins are stipulated to be low in patients with
calciphylaxis. MGP is an extracellular protein released by
endothelial cells and vascular smooth muscle cells which
must undergo vitamin K mediated carboxylation to be
active. Active MGP is thought to inhibit precipitation of
calcium phosphate based on animal models. Fetuin-A is
a major carrier protein like albumin that is synthesized by
the liver. Fetuin-A becomes downregulated in inflamma-
tory states such as chronic kidney disease. Role of PPi is
less clear; however, studies in murine models have shown
that upregulating levels of PPi will prevent cardiovascular
calcifications.'* Upregulation of pro-calcification factors,
genes and cytokines is thought to potentiate calciphylaxis.
Inflammatory cytokines damage the endothelial lining of
blood vessels which promotes differentiation of endothe-
lial cells into a type of cell that enables calcification. The
precise cellular pathway remains elusive.'”"*

Much remains to be understood about the pathogenesis
of calciphylaxis before a sound treatment can be discov-
ered. There is limited convincing literature on the epide-
miology, risk factors, treatment and prognosis of
calciphylaxis. Current postulated risk factors include
ESRD, female gender, obesity, elevations in calcium
(Ca), phosphate (PO4), parathyroid hormone (PTH), and
comorbid conditions. Select medications are stipulated to
increase risk of calciphylaxis, while few have been postu-
lated to reduce risk. Medications thought to increase risk
include, vitamin K antagonists like warfarin, calcium,
phosphate, iron and vitamin D supplements and corticos-
teroids. Cinacalcet, a calcimimetic agent, is thought to
reduce risk by reducing PTH levels and reducing calcium
phosphate precipitation. Bisphosphonates are pyropho-
sphate analogs, and may be protective based on data
from murine models, but limited data exist in humans.
Additional factors with limited to no data in the literature
include race, frequency, duration, and type of hemodialy-
sis before diagnosis, protective medications, treatment,
and prognosis data. To better comprehend these factors,

we analyzed a cohort of patients at a single institution who
presented with calciphylaxis over a five-year period.

Methods

The study is a retrospective chart review of patients diag-
nosed with calciphylaxis between January 1, 2012, to
December 31, 2017, at the University of Missouri Hospital,
Columbia, Missouri. The study was approved by the
University of Missouri’s Institutional Review Board (IRB)
as an expedited review. The IRB approved a “waiver of
consent” for the study based on the retrospective nature of
the study which would involve use of only de-identified
information for data analysis and publication. The IRB also
took into consideration the fact that the study could not
practicably be conducted without a waiver of consent as
many of the patients were either dead, or out of reach making
it improbable to get individual consents. Once the data were
collected, it was de-identified (medical record number was
the only patient identifier we collected) prior to data analysis.
All the collected data were stored securely per IRB approved
methods, and patient data confidentiality was maintained in
compliance with the Declaration of Helsinki.

After obtaining IRB approval, our electronic medical
record system (Cerner PowerChart™) was queried through
a request to Cerner support with the following inclusion
criteria: age >18 years and terms “Calciphylaxis” or
“Calcific Uremic Arteriolopathy.” The initial list consisted
of 52 patients, which was scrutinized case-by-case by two
authors to eliminate duplicates, and to determine if
a biopsy was obtained, and whether the biopsy showed
a definite or probable diagnosis of calciphylaxis. Thirty
patients with biopsy-proven calciphylaxis were included
from the original cohort and their records analyzed. Of
note, the reported data were preferably collected at the
time of diagnosis, if not within a month of diagnosis.

Statistics

Numbers, mean + standard deviation (SD), median and
range were used as appropriate based on the distribution of
values for each parameter. Data were gathered and tabu-
lated using Microsoft® Excel 2016 and imported into
IBM®™ SPSS Statistics version 25 software for analysis.
The survival estimates for the two groups were compared
using a Kaplan—Meier curve.

Results
Among the 30 patients diagnosed with calciphylaxis, the
mean age was 65.6 = 12.79 years with a female preponderance
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(22, 73%). Twenty-seven patients (90%) were Caucasian, and
only one patient (3%) was African American. Twenty-three
patients (76.67%) had ESRD of which 15 (65.22%) were on
hemodialysis (HD), and 8 (34.78%) were on peritoneal dia-
lysis (PD) at the time of diagnosis. One had ESRD but was not
on dialysis. The frequency of dialysis in the HD group was
three times per week in 71% of the patients, less than three
times per week in 19% of patients and more than three times
per week in 10% of patients. Information on the duration on
dialysis (any form of dialysis) before the diagnosis of calci-
phylaxis was available for 20 patients. The mean duration on
dialysis before diagnosis was 42 months (3.5 years) with
a range of 5 days to 18 years. Nine patients (45%) had been
diagnosed with calciphylaxis within two years of starting any
form of dialysis. Five patients (20%) developed ESRD sec-
ondary to nephritic or nephrotic syndromes including focal
segmental glomerulosclerosis (FSGS), Alport syndrome and
Membranous glomerulonephritis. Non-uremic calciphylaxis
was seen in 6 patients (20%) with 2/6 patients having
a glomerular filtration rate (GFR) <30mL/min at the time of
diagnosis.

In 28 patients, medication history and co-morbidities at
the time of diagnosis were available. Eight patients (28%)
were found to be on a calcium supplement (either calcium
acetate or carbonate), 16 (57%) were on vitamin
D supplements (cholecalciferol, ergocalciferol or calcitriol)
and 10 (36%) were on warfarin (8 at time of diagnosis, 2
prior use). One patient (4%) had been using glucocorticoids
for >1 month, five (18%) were on iron supplements, three
(11%) were on cinacalcet and only one (4%) was taking
a bisphosphonate at the time of diagnosis. Ten patients
(36%) were using a statin at the time of diagnosis.

When analyzing co-morbidities in patients with calci-
phylaxis, we found that 1 patient (3%) had end-stage liver
disease (cirrhosis), 20 patients (67%) had diabetes mellitus
type 1 or 2, 17 patients (57%) had atherosclerotic disease
(coronary artery disease or peripheral arterial disease), 14
patients (47%) were currently using tobacco or had
a history of tobacco use, and 4 (13%) were using illicit
drugs or had a history of drug use. We found that 17
patients (57%) were obese with a BMI of >30kg/m2 and
14 (47%) were morbidly obese with BMI of >35kg/m2.
Table 1 lists the baseline characteristics including demo-
graphic, comorbidities and laboratory parameters of all
patients and also provides a comparison of these para-
meters between the two groups.

Six patients (20%) had calciphylaxis centrally, 21
(70%) had a lesion on extremities, and 3 (10%) had

a combination of central and peripheral involvement. Out
of the 30 patients, 20 received sodium thiosulfate (STS)
and 10 did not. Out of the patients that received STS, three
patients were cured within 2.25 months of use. Out of the
17 patients that were not healed, only two remained alive
at the time of data collection. The overall one-year survi-
val rate for patients with calciphylaxis in our study was
26%. The one-year survival rate for patients who receive
STS was 29%, and those that did not receive STS was
20% (Figure 1). The mean survival time for patients who
received STS was 529 days, 95% CI [238-821] versus
patients who did not receive STS was 255 days, 95% CI
[98—414] and there was no statistical significance (p-
0.218). Eight patients from the group had some form of
surgery for calciphylaxis (excision, debridement or above
the knee amputation). The one-year survival rate in
patients who received surgery regardless of STS use
was 14%.

Discussion
Our study has a moderate size cohort of patients diagnosed
with calciphylaxis from a single institution. Due to verifi-
cation of biopsies by two authors of the study, we are
confident that our findings are specific to patients with
calciphylaxis. The mean age in our study was ~66 years
with a preponderance of female sex (73%) and Caucasians
(90%), which were consistent with other studies.”*>
McCarthy et al studied a cohort of 101 patients with
a mean age of 60 years and 80% being female.”
Nigwekar et al studied a cohort of 172 patients with
a mean age of 55 years, 74% being female® Bleyer et al
studied a cohort of 19 cases in a referral center with the
population being 50% African Americans, and they found
that all patients with calciphylaxis were Caucasian.®
Majority of the patients in our study had CKD stage 5
(80%) with 65.22% being on HD and 34.78% being on
PD. Only one patient had healthy kidney function, and
17% had CKD stage 2—4. McCarthy et al reported similar
findings in a cohort of 101 patients with 62% having CKD
stage 5 and 19% had CKD stage 3 or 4. PD has recently
been implicated as a risk factor for calciphylaxis; however,
data are lacking.” According to the National Institute of
Health, as of 2013, approximately 7% of patients in the
United States are being treated with PD vs 64% with HD.
Our findings support PD being a risk factor with 33% of
patients being on PD at the time of diagnosis of calciphy-
laxis. Longer duration on dialysis is also an emerging risk
factor. However, to our knowledge, there are no large

International Journal of Nephrology and Renovascular Disease 2020:13

67

Dove


http://www.dovepress.com
http://www.dovepress.com

Panchal et al

Table | Baseline Characteristics Between Two Groups Based on the Use of Sodium Thiosulfate

Parameters (Unit, N) All Cases STS Group (N = 20) No STS (N=10)
Demographics

Age (years, N=30) 65.6 £ 12.79 63.5 % 13.25 69.3 £ 11.54
Sex (male: female, N=30) 8:22 2:8 6: 14

BMI (kg/m?, N = 29) 33.52 £ 9.54 32.85 £9.85 35+£9.17
Current or past smokers 14 9 5

HD (N =I5), months* 225,02 -216 20, 0.2-96 (I1) 60, 3-216 (3)
PD (N=8), months 29+ 10 33.67 £ 10.60 (3) 2433 £9.87 (3)
No dialysis 7 4 3

Chronic Co-Morbidities

Cirrhosis | |

DM 20 13

CAD and/or PAD 17 10

Chronic Steroid Use | |

Laboratory Parameters

Albumin (g/dl, N=27) 4.1 +3.06 3.0 £0.58 (19) 3.2 £ 0.66 (8)
Calcium (mg/dl, N = 28) 9.26 + 0.86 9.25 + 0.96 (20) 9.3 £0.57 (8)
Phosphorous (mg/dl, N = 27) 5.57 £2.78 5.09 £229 (19) 6.73 £ 3.63 (8)
Parathyroid hormone (pg/mL, N=23)* 239.8, 4.7 — 2922 216, 4.7-2922 (18) 246.3, 204.9-764.7 (5)
INR (N=25) 1.39 + 0.82 1.5+ 093 (18) I.1 £0.26 (7)
ESR (mm/hr, N=11) 90.1 £ 31.79 95.7 £ 27.18 (10) 34 (1)

CRP (mg/dl, N=12)* 2.53, 0.4-36.6 6.05, 0.4-36.6 (9) 2.53,2-2.53 (3)
Ferritin (mg/dl, N=11) 788.32 + 404.03 824.42 + 406.76 (10) 427.3 (1)

Notes: All data are expressed as numbers, mean * standard deviation or median and range (*) as appropriate. Missing data were excluded from

calculations.

Abbreviations: BMI, body mass index; CAD, coronary artery disease; DM, diabetes mellitus; HD, hemodialysis; INR, international normalized
ratio; PAD, peripheral arterial disease; PD, peritoneal dialysis; STS, sodium thiosulfate.

prospective or retrospective studies to date that support or
refute this as a risk factor. A cross-sectional survey of
Angelis et al found that younger patients who had been
on dialysis for an average of 80 months were at increased
risk.® Our findings differed from the results of this study
because 50% of our patients were diagnosed within 2.4
years (29 months) of starting any form of dialysis, the
range of 5 days to 18 years.

There are data supporting that elevated calcium, phos-
phate, and parathyroid hormone levels are seen in patients
with calciphylaxis but they are not highly specific.'
Analysis of our cohort revealed a mean corrected calcium
of 9.26mg/dl with 75% of patients have serum calcium
<9.9mg/dL and all of them having values <11.3mg/dL.
Mean phosphate was 5.57mg/dl with 50% of patients
having values <4.4mg/dL. The mean PTH in our study
was 481 pg/mL with 75% having values >140pg/mL.
Normal values of PTH were only seen in patients with
CKD stage less than 3. Studies in animal models have
shown cutaneous calcification with the administration of

megadoses of vitamin D and high phosphate diet.
Ingesting calcium and vitamin D analogs, therefore, are
deemed to be a risk factor.” Our findings were consistent
with this as 28% of patients were taking either calcium
carbonate or calcium acetate at the time of diagnosis, and
57% of patients were on a vitamin D analog. Out of the
patients taking vitamin D, 35% were taking calcitriol — the
activated form of the vitamin D. Other medications impli-
cated as risk factors include warfarin, iron supplements,
and chronic glucocorticoid use. Proteins such as MGP that
inhibit precipitation of calcium phosphate rely upon car-
boxylation by vitamin K to be active. Hence, warfarin,
a vitamin K antagonist, is now known to be a risk factor
based on multiple studies.*'®!'" Galloway et al directed
a case—control study explicitly looking at the odds of
developing calciphylaxis in patients taking warfarin. The
study cohort was 2234 patients receiving dialysis from
which 142 patients were using warfarin, and five total
cases of calciphylaxis were found. Four out of the five
patients with calciphylaxis were on warfarin (OR: 61,
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Survival Functions
10 Sodiumthiosulfate
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0 500 1000 1500 2000
Survival (days)/cure
Means and Medians for Survival Time
Mean? Median
95% Confidence Interval
Sodiumthiosulfate Estimate Std. Error Lower Bound Upper Bound Estimate Std. Error
NO 255.700 80.607 97.71 413.689 135.000 185.784
YES 529.450 148.882 237.640 821.260 114.000 43.603
Overall 438.200 104.537 233.307 643.093 135.000 108.860
Means and Medians for Survival Time
Median®
95% Confidence Interval
Sodium thiosulfate Lower Bound Upper Bound
NO .000 499.136
YES 28.537 199.463
Overall .000 348.365
a. Estimation is limited to the largest survival time if it is censored.
Overall Comparisons
Chi-Square df Sig.
Log Rank (Mantel-Cox) 1.518 1 218
Figure | Kaplan—Meier survival estimates between those who received sodium thiosulfate and those who did not.
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p=0.0001)."> We found that 36% of patients were exposed
to warfarin at some time before diagnosis and 29% of
patients were on warfarin at the time of diagnosis of
calciphylaxis. Iron supplementation has been proposed as
a risk factor because Farah et al and Amuluru et al found
that tissue iron content is increased in calciphylaxis.'*'
Our study found that 18% of patients were on some form
of iron supplement, but all the patients had normal or low
serum iron. Ferritin was elevated above the upper limit of
normal (150ng/mL for females and 300ng/mL for males)
in over 75% of patients. Systemic glucocorticoid use is
a possible emerging risk factor. To our knowledge, no
specific studies have been conducted looking at this risk
factor. Nigwekar et al conducted a systematic review of
nonuremic calciphylaxis and found preceding corticoster-
oid use in 61% of patients (N=36). In our study, only one
patient (4%) had been on corticosteroids for more than one
month at the time of diagnosis.

There are limited data on medications that may protect
against calciphylaxis. Cinacalcet, a calcimimetic used to
treat secondary hyperparathyroidism, has been shown to
reduce the incidence of calciphylaxis in hemodialysis
patients. Three patients (11%) in our study were on cina-
calcet at the time of diagnosis. Statins are known to have
anti-inflammatory and anti-thrombotic properties. To our
knowledge, only one previous study has looked at statin
use in calciphylaxis.'® The study had 62 cases, 124 con-
trols and found statin use was more common among con-
trols than cases (39 vs 19%, p<0.01). In our study, 36% of
patients were on statins at the time of diagnosis. There are
scarce data behind bisphosphonates preventing calciphy-
laxis. Bisphosphonates are pyrophosphate (PPi) analogs,
and studies in murine models have shown that raising
levels of PPi’s decreases cardiovascular -calcification.
A study by Price et al found that Ibandronate prevents
calciphylaxis in rat models. Only one patient (4%) in our
study was on a bisphosphonate at the time of diagnosis.

The co-morbidities that have been strongly linked to
calciphylaxis include obesity, diabetes, inflammatory con-
ditions and malnutrition."""'> Our findings are consistent
with this as we found most of our patients were obese
(60%), had diabetes mellitus type 1 or 2 (67%), and had
albumin values <3.1 (greater than 50%). Among the mar-
kers for inflammation, we found that ESR was consistently
elevated, whereas most CRP levels were within normal
range indicating that such inflammatory markers may not
be necessarily elevated in calciphylaxis. Among athero-
sclerotic diseases, 57% of our patients had a history of

CAD or PAD, and ~50% had a history of smoking.
Because there have been many risk factors involving the
liver, such as vitamin K carboxylation, hypoalbuminemia,
deficiencies of Fetuin-A,' we analyzed the prevalence of
the end-stage liver disease in patients with calciphylaxis.
We found only one patient (3%) with cirrhosis.

A large retrospective review found that the majority of
the calciphylaxis lesions tend to occur in the lower extremi-
ties rather than abdomen or buttocks (60% vs 30%,
respectively).'® Our findings were consistent in that, 70%
of the patients had calciphylaxis lesions in their extremities
(upper or lower), and 20% had lesions on their central torso.
The optimal treatment or treatment duration for calciphylaxis
is not known. Sodium thiosulfate (STS) is currently the
standard treatment based upon retrospective reviews. One
case—control study of 16 cases reported that one-year survi-
val of patients treated with STS is 65% vs 45% for patients
not treated with STS.* In our study, 20 patients (66%)
received STS, of which, only three were cured and all three
received STS for <2.25 months. Sodium thiosulfate use
improved survival by 3% in the patients that were treated,
but was not statistically significant probably from the low
power of our study. Larger, prospective studies are needed to
evaluate the efficacy, safety, and duration of STS use. In our
study, eight patients received some form of debridement and
the one-year survival among them was 14%. However, it is
possible that patients who received debridement had a more
severe case of calciphylaxis correlating to worse outcomes.
Our results are discordant with the only other retrospective
study of 64 cases which looked at mortality in patients with
calciphylaxis undergoing debridement. This study reported
improved survival in those who underwent surgical debride-
ment (17 vs 46 cases [61% vs 27%])."”

In conclusion, calciphylaxis is a complex condition that
is usually fatal. Our findings suggest that patients on
dialysis may be predisposed to calciphylaxis as soon as
one to two years. Having an elevated parathyroid hor-
mone, ESR, ferritin, and low albumin seems to be
a common occurrence. Levels of calcium, phosphate, and
inflammatory markers may vary in patients with calciphy-
laxis and do not aid in the diagnosis. Warfarin and vitamin
D analogs have a noticeably significant association with
calciphylaxis. Further studies are needed to determine
whether cinacalcet and/or bisphosphonates are indeed pro-
tective for calciphylaxis. There was no statistically signifi-
cant difference in survival among patients who received
STS compared to those that did not. The optimal duration
of using STS is unknown, but our data suggest that in
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those that were cured of calciphylaxis, the average treat-

ment duration was around 3 months. With this retrospec-

tive review, we hope to contribute to the existing literature

on calciphylaxis and potentially spark new ideas for

further research. Given the lack of definitive/effective

treatment options for calciphylaxis, rigorous trials are des-

perately needed to test the efficacy of currently available

treatments as well as novel options such as compound
SNF472."7
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