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Abstract

Calcific uremic arteriolopathy, commonly referred to as “calciphylaxis,” is a rare life-threatening condition observed in
patients with chronic kidney disease and end-stage renal disease on dialysis. This results in necrotic, ischemic, tender dermal
lesions anywhere in the body, but mainly on the abdominal wall and lower extremities, where subcutaneous tissue is
abundant. Histologically, it is defined by calcification in dermal capillaries, arterioles, and subcutaneous adipose tissues. It can
occur in all advanced stages of chronic kidney disease as well as end-stage renal disease patients on hemodialysis or peritoneal
dialysis. Our case highlights a successful case of calciphylaxis in a young female patient who underwent parathyroidectomy
and intensification of peritoneal dialysis regimen along with the infusion of sodium thiosulphate injection resulting in complete
resolution of the lesion in 3 months. With limited evidence of treatment options and increased frequency of this condition in
a dialysis patient, our case highlights the key aspects of calciphylaxis management in a young end-stage renal disease patient
who didn’t need a change of dialysis modality. We also review the risk factors and current practiced management options of
this condition in our article.
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Case Report

A 34-year-old Hispanic female was admitted with the chief
complaint of a painful nonhealing abdominal wound for 2
weeks duration. The patient initially developed few scabs in
the infra umbilical area which led to frequent itching and
irritation. She used plain cotton gauze with vaseline ointment
to treat them by herself. The scabs later turned into ulcers.
Her past medical history was significant for ESRD, and she
has been on continuous ambulatory peritoneal dialysis
(CAPD) for 5 years, gastroesophageal reflux disease, obe-
sity, anemia of chronic kidney disease (CKD), secondary
hyperparathyroidism of renal origin, and coccidioidomyco-
sis infection. Her chronic renal disease was from amphoteri-
cin B drug toxicity secondary to previous disseminated
coccidioidomycosis treatment. The patient had a history of
uncontrolled hyperparathyroidism with an intact parathyroid
hormone level as high as 2400 picograms/milliliter (pg/mL)
and an elevated phosphorus level of 10 mg/dL as an outpa-
tient. These were values 6 months before the current hospi-
talization. This was difficult to control mainly because of
financial constraints in getting the medications and nonad-
herence to prescribed phosphate binders. Home medications
include sevelamer carbonate 3200 milligrams (mg) 3 times a
day with meals. The patient lived at her parent’s home and
has stopped working because of multiple medical issues. The
patient denied any history of smoking, alcohol, or illicit drug
use. Her peritoneal dialysis prescription was 4 daytime
exchanges of 2-L peritoneal dialysate fluid, each bag com-
posed of 2.5% dextrose and each exchange for 4 hours daily.
Her weekly Kt/V was 2.1, with no residual kidney function.

Vital signs on presentation were, temperature of 98.6
Fahrenheit (F), pulse rate of 84 beats per minute (bpm),
respiratory rate of 18 breaths per minute, blood pressure
117/59 mm Hg, and oxygen saturation of 99% on room air.
Physical examination showed a morbidly obese female in
mild distress due to abdominal pain. Abdominal examination
revealed multiple tender indurated ulcers with surrounding
erythema and black eschar in the lower abdomen section
(Figures 1 and 2) along with skin ulceration with exposed sub-
cutaneous tissue and granulation in lateral walls (Figures 3 and
4). The rest of the physical examination was non-significant.

Laboratory data revealed elevated white blood count
(WBC) 21,000/mm?, hemoglobin 8.5 g/dL, platelets 526,000/
mm?, sodium 131 mmol/L, potassium 3.4 mmol/L, blood
urea nitrogen 59 mg/dL, creatinine 13.26 mg/dL, albumin
3.3 g/dL, calcium 8.6 mg/dL, phosphorus 8.3 mg/dL, para-
thyroid hormone 712 pg./mL, C reactive protein 129.8 mg/L,
CAPD fluid was not positive for an infection, and blood cul-
tures were negative for any infection. Computerized tomog-
raphy (CT) abdomen and pelvis with and without contrast
revealed anterior abdominal wall subcutaneous calcification.
Parathyroid imaging by 29.2 mCi Technetium 99m Sestamibi
scan revealed no abnormal radiotracer accumulation to sug-
gest parathyroid adenoma.

Figure |. Abdominal lesion.

Figure 2. Abdominal lesion close up.

To the patient was initially treated with empiric antibiot-
ics until the infection was ruled out and was also started on
sodium thiosulphate 25 g in sterile water intravenous infu-
sion over 30 minutes, 3 times a week for 3 months. Due to
unavailability of dermatologist and skilled surgeons, skin
biopsy was not possible. The peritoneal dialysis regimen was
intensified with the patient switching to continuous cycler
peritoneal dialysis and doing 6 exchanges throughout the
night with 2.5-L peritoneal dialysate fluid, each bag com-
posed of 2.5 % dextrose and each exchange for 2.5 hours.
The patient underwent 4-gland parathyroidectomy with
implantation of half of the right superior parathyroid gland
on the right forearm. The patient also received aggressive
wound care daily. The calciphylaxis lesions healed com-
pletely in 3 months with intense peritoneal dialysis, sodium
thiosulfate infusion for 3 months, and parathyroidectomy.
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Figure 3. Lateral wall lesion.

Figure 4. Lateral wall lesion close up.

The dialysis modality was never changed to hemodialysis
during the management of calciphylaxis lesions.

Discussion

Calcific uremic arteriolopathy is becoming more prevalent in
the current dialysis population. However, the literature on
this condition is still limited, especially in the peritoneal dial-
ysis population, and management options are suboptimal
with no specific Food and Drug Administration (FDA)-
approved therapy. Initially, this nomenclature was inducted
into modern medicine in 1961 by H. Seyle, based on his
experience of promoting vascular calcification in rodents.’

Due to limited experience and infrequent reporting, the
risk factors are still anecdotal without definitive large-scale
study. Some postulated risk factors for the development of
calciphylaxis in HD patients include diabetes, warfarin ther-
apy, and irregularities in mineral bone factors like phosphate
dysregulation. Data on the incidence and risk factors for the
development of calciphylaxis in PD patients are limited, but
a study done by Zhang et al with 63 adult PD patients identi-
fied several potential risk factors among the 7 patients that
developed calciphylaxis. The PD patients that developed cal-
ciphylaxis were more likely to be female, previously have
been on HD, and have higher frequencies of obesity. Warfarin
therapy was among the highest risk for calciphylaxis among
PD patients.' In advanced CKD cases, approximately 1% to
4% of patients manifest calciphylaxis with a 5% manifesta-
tion rate in patients with ESRD.® In a study, by Zacharias and
Fine, on a pool of patients with 78 % peritoneal dialysis
cohort, diabetes mellitus, peritoneal dialysis, high serum
phosphorus, calcium-based phosphate binders, and vitamin
D supplements were considered risk factors.” Increased
serum phosphorus, liver disease, obesity, increased calcium-
phosphate product, systemic corticosteroid use, and increased
serum albumin were postulated to be a risk factor in 49 dialy-
sis patients in a study conducted by Weenig et al.® Certain
autoimmune conditions, namely antiphospholipid antibody
syndrome, rheumatoid arthritis, temporal arteritis, and sys-
temic lupus erythematosus (SLE), have been suggested as
risk factors for the development of calciphylaxis.’'? Recurrent
skin trauma has also been described as a risk factor as well as
longer dialysis vintage.'>'? Also, it is more common in the 5th
decade of life, and female Caucasian population.®® Obesity is
a unique risk factor contributing to the lesions developing in
areas like breasts, trunks, and thighs.'®!>

Summarization of the risk factors is described in Table 1.

Pathogenesis and Diagnosis

Dermatological diseases in CKD and ESRD are morphologi-
cally quite variable.'® Calciphylaxis is commonly identified
in patients by painful ischemic purpura and necrotic skin
ulceration. Calciphylaxis lesions are tender regions that may
eventually progress to stellate-shaped ulcers with black



Journal of Investigative Medicine High Impact Case Reports

Table I. Risk factors for calciphylaxis.

Risk factors for calciphylaxis

Diabetes mellitus
Hypoalbuminemia

Female sex

Recurrent skin trauma
Hyperphosphatemia

Obesity (body mass index [BMI] >30)
More years on dialysis (dialysis vintages)
Autoimmune and inflammatory diseases

Medications like calcium-based binders and vitamin D analogs, nutritional vitamin D, warfarin use, and systemic glucocorticoids

Hypercoagulable states, such as protein C and S deficiency and antiphospholipid syndrome

eschar as per the highly cited study by Nikko et al.'” Poor
healing of skin lesions along with blistering are common
signs.! Palpation of firm calcified hypodermic tissue can indi-
cate calciphylaxis prevalence in both dialysis patients and
patients possessing other potential risk factors. Dermatological
differential diagnoses to consider are various vasculitis lesions
like IgA nephropathy, necrotizing vasculitis, nephrogenic sys-
temic fibrosis from Gadolinium-enhanced dye in magnetic
resonance imaging, warfarin-induced dermal necrosis, pur-
pura fulminans, and atherosclerotic vascular disease.”!”

A skin biopsy is required for a definitive diagnosis, but
this poses a risk of inducing necrosis or propagating new
lesions.>!? It is preferable is biopsy is performed only by
experienced surgeons or dermatologists to avoid complica-
tions. Also, the area of biopsy is important as a sample from
the necrotic areas and central part may not yield accurate
diagnostic features.”!° Histologic findings of a skin biopsy
were revealed in a case study done by Nikko et al, the biopsy
was performed on a female patient with chronic renal failure
who had developed calciphylaxis revealing small arteriole
calcification in the deep dermis, a mixture of neutrophils and
lymphocytes, and a degeneration of collagen bundles.!’
Other histological features that have been identified include
micro thrombosis and fibrointimal hyperplasia of subcutane-
ous arteries.'® Von Kossa or Alizarin red stains can also help
detect regions of micro-calcification and other tools such as
X-rays and nuclear bone scans have assisted with the diagno-
sis as well.! The pathogenesis of calciphylaxis is still poorly
understood, but the likely events are activation of nuclear
factor NFkB, arteriolar calcification, thrombosis, and skin
ischemia.?’

Treatment

Most of the data on treatment originates from case reports
and retrospective cohort studies as there is not a lot of infor-
mation available from large-scale studies of this disease.
Multidisciplinary input from the specialties of nephrology,
dermatology, and dermatopathology is crucial and a manage-
ment plan should be created as soon as calciphylaxis is sus-
pected. There are still no controlled trials or guidelines

published for the management of calciphylaxis and manage-
ment is based on multiple case series and retrospective stud-
ies only. A 3-pronged approach through mitigation of risk
factors, care of the wound, and modification of calcification
through therapeutics seem to have the best outcome in most
of the reported cases. Table 2 summarizes the treatment
options which should be considered.

Prevention of risk factors should always be a cornerstone
in the management of calciphylaxis. While the KDIGO 2009
guideline says the parathyroid levels should be aimed to be
maintained at a normal range of 150 to 300 pg/ml,?? the nor-
mal levels may vary based on individual patient’s bone phys-
iology and thus strict target chasing is not recommended.
Most standard dialysis centers in United States like DaVita
or Fresenius utilize a target of up to 600 pg/ml.

Floege et al through the EVOLVE trial have postulated
that management of secondary hyperparathyroidism with
cinacalcet can lower the incidence of calciphylaxis.?®
Subtotal parathyroidectomy, vs patients without parathyroid-
ectomy, has shown significantly better survival at both 6
months (90% versus 42%) and 5 years (53% versus 11%) in
patients with severe secondary hyperparathyroidism.>* An
increase in the frequency and/or duration of dialysis has been
shown to result in partial or complete resolution in skin
lesions in a retrospective study of 24 patients with calciphy-
laxis.? This also helps in the clearance of uremic toxins and
phosphate which might be contributing to it. Avoidance of
hypercalcemia and hyperparathyroidism should be crucial
factors to prevent the disease process. Discontinuation of
calcium-based binders and vitamin D analogs always helps
to mitigate the risk involved. Non-calcium-based binders
like sevelamer or lanthanum should be used in these condi-
tions to help in preventing calcium excess. Nutrition assess-
ments should be a cornerstone of management and always
aims should be made to prevent protein-calorie malnutrition
which might interfere with wound healing. As vitamin K
antagonists, especially warfarin, are known risk factors to
precipitate the disease,”!? attempts should always be made to
discontinue warfarin and switch to subcutaneous heparin or
newer oral anticoagulants like apixaban, rivaroxaban,
although, efficacy proving studies of these agents in dialysis
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Table 2. Management Strategies.

a) Modification of precipitating factors

Normalize Parathyroid Hormone levels (through Cinacalcet/parathyroidectomy)

Avoid vitamin D analogs

Avoid calcium based phosphate binders
Avoid high Calcium bath

Optimize dialysis prescription

Avoid vitamin K antagonists

Optimize nutrition status

b) Wound care measures
Analgesics
Antibiotics

Surgical cleaning and dressing

Hyperbaric oxygen therapy

c) Calcification reversal/halting

Sodium thiosulphate

Bisphosphonates
Experimental modalities
SNF 472- currently in clinical trial?'

patients are lacking. This approach should be taken on a
case-by-case basis depending on the urgency and need to
maintain anticoagulation.

Wound management is an important area of treatment
with the main purpose of keeping the wound free of necrosed
devitalized tissue and thus mitigate wound infection. The
involvement of a dedicated wound care team makes a huge
difference in inpatient care. Retrospective studies demon-
strated that the l-year survival of patients with wound
debridement was 60% at 6 months and 70% at 1 year, while
in compared to 27% at 6 months and 50% after a year,
respectively in patients who didn’t undergo debridement.?
However, these studies are limited by selection bias and thus
may not reflect complete improvement. When the wound is
not infected, with dry eschar and limited tissue distribution,
chemical debridement is preferential compared to surgical
debridement.?” Sterile maggots of Lucia sericata has been
reported to be a successful adjunct therapy in few calciphylaxis
lesion, especially with extensive necrosis and panniculitis.?®
The digestive enzymes by these larvae stimulate wound heal-
ing by selectively dissolve necrotic tissue and disinfect the
wound.

Pain management is an important aspect in these patients.
Ischemic pain with a component of neuropathic element con-
tributes to the pain symptoms and attempts should be made
to alleviate it with help of a pain management team.
Antibiotics should be considered when there is suspicion of
associated wound infection. Given the propensity of gram-
positive organisms and anaerobes to involve skin more,
empirical antibiotics should be selected accordingly. Case
series have been reported where analgesics like ketamine,
opioids, and gabapentin/ tricyclic antidepressants have
helped.?’ Given the detrimental side effects of these individ-
ual agents, careful monitoring is always recommended.
Hyperbaric oxygen therapy can help in recalcitrant calciphy-
laxis wounds through the proliferation of collagen tissue,
angiogenesis, and fibroblasts stimulation.>

The final approach of therapy should include measures to
inhibit calcification. The most popular medication utilized
worldwide is intravenous sodium thiosulphate (STS), which
is not approved for use by FDA.3! It is thought to act by form-
ing soluble complexes with various minerals and metals as
well as through its antioxidant, vasodilator effects, and as an
inhibitor of calcification.®!® The commonly used dose is 25
gm intravenously in 100 cc of isotonic normal saline through
the last half hour of hemodialysis, thrice weekly.?! Peritoneal
dialysis patients also get it 3 times weekly, over 60 minutes
each interval. Non-dialysis patients with advanced CKD, STS
can be given up to 4 times weekly as tolerated.?? Intralesional
STS has been tried in patients unable to tolerate through V.3
Due to the risk of chemical peritonitis, intralesional STS is
not recommended.** No optimum duration of therapy is there,
depending on the positive or negative response to the drug in
the first 2 to 4 weeks, duration is modified.

In a retrospective study by Torregrosa et al, there were
some benefits in 11 patients treated with bisphosphonates
followed over 8 years.>> Through binding hydroxyapatite
crystals, bisphosphonates theoretically can show benefit in
calciphylaxis treatment. However, given its serious toxicity
itself in ESRD patients, the risk and benefits need to be care-
fully considered. Other modalities that have been mentioned
in the literature are low-density lipoprotein apheresis,*® vita-
min K supplementation,’’ daily infusion of tissue plasmino-
gen activator®® but they should be attempted only on an
individual case by case basis when other options have been
exhausted. An exciting new intravenous formulation of Myo-
inositol hexaphosphate, coined as SNF 472, has shown
promising results in phase 2 trials and a large, randomized
trial is being planned.?!

A study was done in 2019 by Udomkarnjananun et al
reviewed a combination of case series, case reports, and
cohort studies of calciphylaxis treatments with a total of 856
patients. The most utilized treatment modality was sodium
thiosulfate infusion in 50.3% of patients, followed by surgical
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parathyroidectomy, cinacalcet, hyperbaric oxygen therapy,
and bisphosphonates.>® The review of these treatment options
concluded that there was no significant clinical benefit found
in any of the top 5 treatments for calciphylaxis in patients
with CKD. Thus, more controlled trials are required to exam-
ine the effectiveness of these therapies. With a 6-month mor-
tality rate of 30% and a 50% mortality rate at 1 year, a more
comprehensive study must be done to better understand the
pathogenetic mechanisms and the development of new treat-
ment and prevention methods.*’

Conclusion

Calciphylaxis is still a challenge faced by nephrologists in
treating patients on dialysis, especially those with a longer
dialysis vintage. As more ESRD patients are encouraged
toward performing home dialysis, this condition will be fre-
quently encountered in home dialysis patients and thus better
understanding of it is of paramount importance, among both
nephrologists and primary care physicians. Due to limited
therapy options and reported high morbidity and mortality
associated with this condition, more extensive studies and
case reports need to be conducted and published, to facilitate
better insight and improved management of this debilitating
condition.
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