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Background.Calcific uremic arteriolopathy (CUA), also referred to as calciphylaxis, is a rare and serious complication of kidney
failure with limited treatment options. Kidney transplantation (KTX) restores kidney function and is hence a potential treatment op-
tion for CUA. We present 3 patients who had their CUA lesions successfully healed after urgent KTX.Methods.Data were ret-
rospectively retrieved from hospital records at our national transplant center. Results. All 3 patients had previously been kidney
transplanted and had experienced graft loss and were in stage 5 kidney failure when CUA developed. One patient was on warfarin
treatment for pulmonary embolism. Skin lesions developed in the lower limbs in all 3 patients. Multidisciplinary care including inten-
sified hemodialysis did not induce any clinically relevant improvement of the lesions. The recipients were enlisted on a clinically ur-
gent waitlist for KTX and received a deceased donor kidney after 2 to 4 weeks. All recipients experienced good graft function. The
lesions healed completely within 6 weeks in 2 patients. In the third patient, partial healing occurred after 2 months and complete
healing was achieved 4 months after transplantation.Conclusions. These cases indicate that urgent KTXmay contribute to an
efficient treatment for end-stage renal disease patients with CUA.

(Transplantation Direct 2016;2: e113; doi: 10.1097/TXD.0000000000000627. Published online 25 October, 2016.)
Calcific uremic arteriolopathy (CUA), also termed calci-
phylaxis, is a rare condition most often occurring in

end-stage renal disease (ESRD) patients and typically in pa-
tients on dialysis. A hallmark of this condition is arteriolar
medial calcification and development of subcutaneous necrosis
andulcerations, particularly in the lower limbs and abdomen.1,2

The 1-year mortality is reported to be as high as 40 to 80%.3,4
Received 17 July 2016. Revision requested 30 August 2016.

Accepted 19 September 2016.
1 Section of Nephrology, Department of Transplantation Medicine, Oslo University
Hospital, Rikshospitalet, Oslo, Norway.
2 Norwegian Renal Registry, Oslo University Hospital, Rikshospitalet, Oslo, Norway.
3 Faculty of Medicine, Institute of Clinical Medicine, University of Oslo, Norway.

The authors declare no funding or conflicts of interest.

E.N. contributed to the writing of the abstract and the article and collecting of clinical
variables and revision of the literature. D.O.D. participated by critical revision of the
article. I.M.S. participated by critical revision of the article. A.Å. participated by
critical revision of the article. A.V.R. participated by critical revision of the article. A.
H. participated by critical revision of the article.

Correspondence: Espen Nordheim, Section of Nephrology, Department of
Transplantation Medicine, Oslo University Hospital, Rikshospitalet, Postbox 4950,
Nydalen, 0124 Oslo, Norway. (b23697@ous-hf.no).

Copyright © 2016 The Authors. Transplantation Direct. Published byWolters Kluwer
Health, Inc. This is an open-access article distributed under the terms of the Creative
Commons Attribution-NonCommercial-NoDerivatives License 4.0 (CCBY-NC-ND),
where it is permissible to download and share the work provided it is properly cited.
The work cannot be changed in any way or used commercially without permission
from the journal.

ISSN: 2373-8731

DOI: 10.1097/TXD.0000000000000627

Transplantation DIRECT ■ 2016
Risk factors for development of CUA are hyperparathyroidism,
diabetes mellitus, obesity, hypercoagulative disorders, in-
creased calcium-phosphate product andmedication with sys-
temic steroids, iron and warfarin.1-5 The current treatment
strategy yields poor outcomes despite multiple interventions
including intensified dialysis.6 Restoring kidney function by
kidney transplantation (KTX) may be another approach.
Two previous case reports describe regression of CUA after
KTX, as long as 67 and 128 months after transplantation.
At our national transplant center, we accept patients with
CUA to be waitlisted for deceased donor KTX as clinically
urgent. During the last 3 years, we have transplanted
3 patients in this category for rescue therapy of CUA ulcers.
PATIENT CASES

Table 1 shows patient characteristics, laboratory test find-
ings and relevant medication in relation to time of KTX in all
3 patients.

All patients had normal immunological risk and were
transplanted with deceased donor kidneys. They all received
standard immunosuppressive regimen with basiliximab
induction, followed by maintenance immunosuppression
consisting of twice daily tacrolimus (trough levels, 3-7 μg/L),
mycophenolate mofetil 750 mg twice daily and steroids.
Our steroid regimen consists of 250 mg SoluMedrol at day
0 and daily prednisolone dose of 20 mg/d � 1, tapered to
10 mg/d after 1 month, and further down to 5 mg/d after
6 months.
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TABLE 1.

Laboratory parameteres from time of developing ESRD, time of KTX and 14 days after KTX.

Patient 1 Patient 2 Patient 3

Start ESRD Last KTX After KTX Start ESRD Last KTX After KTX Start ESRD Last KTX After KTX
Sex Male Male Female
Race White White White
Age, yr 36 46 55 68 40 50
BMI, kg/m2 24 21 28
Diabetes No No No No No No No No No
Hypercoagulable states No No No No No No No No No
Calcium, mmol/L 2.13 2.84 2.04 1.91 2.24 2.18 1.85 1.99 2.02
Phosphate, mmol/L 2.5 1.3 1.26 1.6 1.1 0.8 2.2 1.2 1.2
Albumin, g/L 20 23 22 34 35 35 35 29 27
PTH 2.7 2.4 5.7 43 22 18 26 55 88
Warfarin Yes No No No No No No No No
Iron supplements No No No No No No No No No
Systemic steroids Yes Yes Yes No Yes Yes Yes Yes Yes
Calcium-containing ph.binders No No No Yes No No No No No
Vitamin D Yes Yes Yes Yes Yes No Yes Yes No
Vintage dialysis, mo 13 40 14
Location CUA lesions Right leg Left leg Both tights
STH No No No No No No Yes No Yes
Cinacalcet No No No No Yes No Yes Yes Yes
Vitamin K No No No No Yes No No No Yes
Increased hemodialysis Yes Yes No Yes Yes No Yes Yes No
Duration CUA lesions before KTX 4 wk 3 wk 2 wk
Healing time CUA after KTX 6 wk 6 wk 4 mo

FIGURE 1. The left leg of patient 24 days and 22 days after KTX.
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Patient 1

This 46-year-old male patient was known with Crohn dis-
ease and kidney failure due to secondary amyloidosis. He did
not suffer from diabetes or hypercoagulable disorders. His
weight and nutritional status was normal. His first kidney
graft had failed after 12 years due to recurrence of amyloid-
osis, and he was reestablished in hemodialysis for 4 months
when severe pain and ulcerations evolved in the right leg.
His immunosuppression, including prednisolone 5 mg � 1,
was continued. The calcium and phosphate levels were ade-
quate. He had been treated with warfarin due to pulmonary
embolism for 3 months when ulcerations evolved; skin bi-
opsy confirmed the CUA diagnosis.

Warfarin was withdrawn and replaced by low molecular
weight heparin.

The dialysis treatment was intensified. Sodium-thiosulphate
(STH) was not given, neither cinacalcet nor vitamin K.

After 1 month without any signs of recovery, he was listed
for urgent KTX and received a transplant 4 weeks later. He
needed 4 sessions of hemodialysis due to initially delayed
graft function, but later the kidney function rapidly improved
to normal and the skin lesions started to heal. His skin lesions
healed completely after 6 weeks. At present, 2.5 years later,
he is in good condition, his creatinine level is 80 μmol/L
and no new skin lesions have appeared.

Patient 2

This 68-year-old man had kidney failure due to
nephrosclerosis. He had previously lost 2 kidney grafts and
his dialysis vintage was in total 40 months. His first trans-
plant failed after 8 years due to chronic rejection and his sec-
ond graft failed after about a year without ever obtaining
desired function. His maintenance immunosuppression, in-
cluding prednisolone 5 mg � 1, was continued. He had nor-
mal weight- and nutritional status and he did not suffer from
diabetes or hypercoagulative disorders. Active vitaminD and
calcium-containing phosphate binders had regulated his
secondary hyperparathyroidism adequately. He never was
treatedwithwarfarin. A fewweeks after hewas reestablished
in hemodialysis he presented with painful skin ulcers in the
left leg. Skin biopsy confirmed CUA. He received intensified
dialysis, cinacalcet treatment, and vitamin K substitution,
but did not receive STH. Calcium-containing phosphate
binder was withdrawn.

After 1 month without improvement, he was listed for ur-
gent transplantation and received a deceased donor kidney
3 weeks later. There was immediate good graft function,
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and his ulcers started to heal shortly after KTX, and were
completely resolved within 6 weeks. At present, 13 months
after transplantation, plasma creatinine value is 90 μmol/L,
and no new skin lesions have developed.

Figure 1 shows the left leg of patient 2 4 days and 22 days
after KTX.

Patient 3

This 50-year-old woman was known with Crohn’s dis-
ease, short bowel syndrome and ESRD suspected due to
AA amyloidosis. Her BMI was 28 kg/m2, and her nutrition
status was normal. She did not suffer from diabetes or hyper-
coagulable disorders. She complained of severe pain in both
thighs when her first kidney graft had started to fail after
9 years due to chronic rejection. She was not yet in need for
hemodialysis. At first, there were no visible skin lesions but
these developed 8 months later when she had supplements
of magnesium, calcium, active vitamin D, and cinacalcet
due to secondary hyperparathyroidism. When CUAwas di-
agnosed by skin biopsy, she was enlisted for urgent KTX
and intensified dialysis treatment was started.

She received a graft 2 weeks later, and postoperatively, she
suffered from wound infections and diarrhea related to co-
morbid conditions. The first month, plasma creatinine levels
were 220 μmol/L as the ulcers became worse and new lesions
developed. This despite meticulously wound care and close
surveillance. Treatment with STH, vitamin K, and cinacalcet
as well as repeated sessions with hyperbaric oxygen treat-
ment were started.

Two months after transplantation, some signs of healing
were seen and 4 months after KTX, the lesions were fully re-
solved when plasma creatinine had stabilized at 120 μmol/L.
Later, the graft function has fluctuated with episodes of diar-
rhea and secondary electrolyte deficiencies. She has had re-
current skin infections in the thighs and legs, but no new
CUA lesions.

DISCUSSION

There are reports of CUA in patients with normal kidney
function5 but all 3 of our patients had failing kidney grafts
and were considered candidates for KTX when they were in
need for renal replacement therapy. They were enlisted as
clinically urgent for rescue of CUA and all received a kidney
transplant within 4 weeks. There was subsequent healing
within a few weeks in 2 of the patients and 4 months in the
third patient.

Two previously published cases7,8 are in line with our find-
ings. They were transplanted 2 and 6 months after CUAwas
diagnosed and experienced complete remission 6 and
12 months later, respectively. Although the time to healing
was conceivably longer in these reports than in our study, it
may be speculated that CUA lesions become more severe
with time and thus complicate the healing process after trans-
plantation. In any case, it is conceivable that a good kidney
function after transplantation is a key factor for success for
cure of such ulcers. This notion is substantiated by reports
of CUA appearing in kidney transplant recipients with
delayed- or reduced graft function.9-11 The last of our pre-
sented patients did not have levels of creatinine below
120 μmol/L before 3 months had passed after transplanta-
tion, and it was not until the renal function had been restored
to that level that the CUA started to heal properly.
All patients experienced severe pain in their CUA lesions be-
fore KTX, and the pain was not relieved before restoration of
kidney function after KTX. None of the patients were followed
up by radiotracer uptake on nuclear bone scans of CUA lesions,
a method that could have provided clues whether lesions were
showing subclinical signs of improvement before KTX.

Adjustment of medications used to treat mineral bone dis-
orders and secondary hyperparathyroidism was performed
in all patients before KTX.

Themost significant risk factor for development of CUA in
addition to kidney failure is use of warfarin.2 One of our pa-
tients had warfarin withdrawn and the other patients had
supplementation of vitamin K, because supplementation of
vitamin K may play a role in treating this condition.12 The
patient who had warfarin withdrawn did not receive supple-
mentation of vitamin K, but warfarin withdrawing alone
seemed not sufficient to reverse the condition. The role of vi-
tamin K probably has a role in both development and treat-
ment in this condition and should be subject for further
investigation in future studies. Two of our reported patients
had ESRD caused by AA amyloidosis, which is a rare cause
in Norway. Amyloidosis is often present in the vasculature
of subcutaneous fat. However, it is unlikely that amyloidosis
had a role for the occurrence of CUA because amyloidosis was
not present in any of the skin biopsies taken of the CUA lesions.

The use of systemic steroids could have contributed in the
development of our patients CUA lesions as all were treated
with prednisolone 5 mg a day as part of maintenance immu-
nosuppression. STH has not been part of the treating tradi-
tion in our center, even though this is the most common
intervention to treat CUA.2 None of our patients was treated
by STH before transplantation but 1 had this administered 5
times a week after transplantation as the condition did not
improve. The clinical effect was sparse until the kidney graft
obtained better function.

All patients had priority transplantation, as medical treat-
ment did not improve CUA.We cannot predict how the lesions
would have progressed if they remained on the ordinary
waitlist treated by intensified dialysis.What we do know is that
they all received medical therapy and wound care for several
weeks without results before enlisted as clinically urgent for
KTX. Given these observations and the knowledge of the poor
prognosis with the use of conservative measures, we believe
that swift restoration of kidney function byKTXwas of central
importance for the good outcomes in these 3 patients.

Priority candidates on the waiting list receive the first
crossmatch negative kidney available. This is of course a pri-
ority issue because it increases the waiting time for other pa-
tients. However, at our center, the waitlist is relative short
with average waiting time less than a year, and thus this prac-
tice appears ethically sound.13 Another approach may of
course be to use a live donor kidney, but this was not an op-
tion for our patients.

Extensive ulcerations may be considered as a contraindica-
tion for transplantation. Despite such ulcerations, urgent
KTX appeared as a safe and efficient procedure for our kid-
ney failure patients with CUA and should be considered as
a treatment option of this condition.
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