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Abstract 

Calcific uremic arteriolopathy (CUA), also known as calciphylaxis, is a complex syndrome of 

deranged mineral metabolism and vascular calcification leading to tissue ischemia that pri-

marily occurs in end-stage renal disease (ESRD) patients on maintenance hemodialysis (HD). 

We report a case illustrating a temporal relationship between long-term warfarin anticoagula-

tion and development of CUA in a patient with pre-dialysis chronic kidney disease (CKD) who 

progressed to ESRD. Serial 99mTc-methylene diphosphonate bone scintigraphy documented 

the evolution of metastatic CUA over a 5-month period following HD initiation. Given the tem-

porality demonstrated here via imaging, we speculate that warfarin’s influence on vitamin K-

dependent matrix Gla protein function coupled with risk factors associated with ESRD led to 

the development of metastatic CUA. © 2021 The Author(s) 
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Introduction 

Calcific uremic arteriolopathy (CUA) is a severe, debilitating, small-vessel vasculopathy 
that leads to serious morbidity and mortality primarily among end-stage renal disease (ESRD) 
patients [1]. CUA incidence is 3.5 cases per 1,000 patient-years in patients receiving mainte-
nance hemodialysis (HD) [2]. 

CUA is one of several types of extraskeletal calcification in ESRD, a phenomenon that also 
includes intimal, medial, and valvular calcifications. It represents the most severe form of me-
dial vascular calcification involving arterioles manifesting as non-ulcerating cutaneous 
plaques, and can advance to endovascular fibrosis, tissue ischemia, and infarction [3, 4]. Tis-
sue ischemia is caused by small-vessel mural calcification with or without endovascular fibro-
sis, extravascular calcification (amorphous luminal calcium), and vascular thrombosis [4]. The 
pathogenesis of CUA is complex and incompletely understood. Several risk factors have been 
identified in ESRD, including female gender, secondary hyperparathyroidism (SHPT), hyper-
phosphatemia, elevated calcium-phosphorus (Ca × P) product, warfarin therapy, malnutri-
tion, inflammation, and vitamin D analog use [4, 5]. 

We report a case in which longstanding warfarin therapy was associated with metastatic 
CUA only after the patient developed ESRD and HD was initiated. Consecutive 99mTc-meth-
ylene diphosphonate bone scintigraphy charted the progression of metastatic pulmonary CUA 
and the resistance of the disease to therapeutic interventions including discontinuation of 
warfarin, optimization of HD, management of bone-mineral metabolic disorders, and sodium 
thiosulfate (STS) administration. 

Case Presentation 

A 66-year-old female with ESRD secondary to hypertensive nephrosclerosis presented to 
our hospital complaining of bilateral lower extremity pain. Her past medical history included 
coronary artery disease, diastolic congestive heart failure, cerebrovascular disease, and 
chronic atrial fibrillation on warfarin for 3 years. She had progressed to ESRD and had been 
started on thrice-weekly HD 5 months prior to presentation. Physical examination was nota-
ble for several tender erythematous subcutaneous nodules with necrosis on her thighs and 
calves bilaterally (Fig. 1). 

The monthly biochemical data and dialysis clearance profiles are shown in Table 1. Her 
outpatient dialysis clearance was inadequate and her bone mineral parameters were uncon-
trolled prior to presentation. Other pertinent laboratory findings on presentation included a 
C-reactive protein level of 25.90 mg/L (normal, <10 mg/L) and homocysteine >50 µmol/L 
(normal, 5–15 µmol/L). Notably, she was taking calcium acetate as a phosphate binder and 
receiving intravenous paricalcitol, a 1,25-vitamin D analog, with each outpatient dialysis treat-
ment. 

She underwent an extensive investigation during the index admission for presumed CUA. 
A magnetic resonance imaging scan, without use of intravenous gadolinium, demonstrated 
areas of abnormal signal intensity within the thigh muscles highly suggestive of soft-tissue 
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calcification. Echocardiography showed severe mitral valve calcification with restriction of 
both leaflets, as well as severe sclerosis of the aortic valve; both had advanced compared with 
echocardiography performed 6 months prior to admission. A non-iodinated contrast comput-
erized tomography scan of the chest revealed extensive atherosclerotic calcification of the cor-
onary arteries, mitral valve, aorta, bronchial walls, and small arteries supplying the breasts, 
axillae, and chest wall. 

A punch skin biopsy was performed – instead of a wedge biopsy, to avoid complications 
such as infection, bleeding, and pain – on the periphery of the subcutaneous lesion on her left 
thigh corresponding to the increased signal intensity on the MRI. This yielded a mural calcifi-
cation of a single deep dermal blood vessel without microvascular thrombosis, necrosis, or 
extravascular calcium and phosphate deposits (Fig. 2). 

Serial bone scintigraphy demonstrated metastatic pulmonary CUA. Five months prior to 
admission, a bone scintigraphy was obtained to evaluate the cause of her rib pain (Fig. 3a); it 
showed no activity in the lungs or soft tissues. The bone scintigraphy at the time of CUA diag-
nosis, however, demonstrated extensive increased activity throughout the lungs and lower 
extremities (Fig. 3b). 

The clinical diagnosis of CUA was made based on the physical characteristics of the le-
sions, risk factors, and bone scintigraphy, despite having no histological evidence of mi-
crovessel thrombosis or necrosis on the punch skin biopsy. We excluded other differential 
diagnoses of CUA, such as warfarin necrosis, cholesterol embolization, atherosclerosis, is-
chemic ulcers, and early stages of nephrogenic systemic fibrosis. 

After CUA was diagnosed, lanthanum carbonate (Fosrenol®) 500 mg 2 tablets with meals, 
in lieu of calcium-containing oral phosphate binders, was initiated to control her bone mineral 
parameters. Warfarin was discontinued, due to its ability to inactivate vitamin K-dependent 
carboxylation of matrix Gla protein (MGP). There were no alternative anticoagulants offered, 
since the patient was deemed at high risk for bleeding after the skin biopsy. HD was optimized 
to improve her dialysis clearance. 

Despite adequate dialysis clearance and optimal control of bone mineral parameters, a 
repeat bone scintigraphy performed 1 month after the diagnosis showed no changes in meta-
static CUA (Fig. 3c). Because of the lack of clinical improvement, we initiated treatment with 
STS after each HD session, beginning at a dose of 5 g intravenously with titration to 10 g. The 
patient did not experience gastrointestinal side effects or develop metabolic acidosis from 
STS. Clinically, we observed slight improvement of the localized CUA on the patient’s thighs, 
but the metastatic pulmonary CUA on the last bone scintigraphy obtained 2 months after the 
diagnosis remained unchanged (Fig. 3d). 

Severe pain from CUA and depression marked her hospital course. Poor nutrition, as evi-
dent by her low serum albumin and phosphorus, failed to heal her CUA lesions. She requested 
cessation of all treatment 2 months after the diagnosis, and she expired shortly thereafter. 
There was no autopsy performed. 
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Discussion 

This case, the first in which serial bone scintigraphy documented the emergence of pul-
monary CUA, illustrates the multifaceted and complex pathogenesis of CUA, as well as the po-
tential utility of bone scintigraphy to detect and follow metastatic CUA. Whereas chronic kid-
ney disease (CKD), warfarin therapy, and mitral valve calcification had been present prior to 
the CUA diagnosis, there was no evidence of the extensive metastatic pulmonary CUA ob-
served on the first bone scintigraphy until localized CUA lesions became clinically apparent  
5 months after HD initiation and the second bone scintigraphy captured pulmonary CUA. We 
believe the patient was likely predisposed to vascular calcification as a result of warfarin’s  
γ-decarboxylation of MGP activity, resulting in loss of MGP function coupled with known risk 
factors associated with CUA, including female gender, SHPT, hyperphosphatemia, hypoalbu-
minemia, inflammation, and vitamin D analog administration. 

The mechanistic link between warfarin and MGP vitamin K-dependent γ-carboxylation 
was discovered on the basis of previous animal and non-animal experimental studies in which 
warfarin caused MGP activity loss and depletion of vitamin K stores, a process that leads to 
severe aortic calcification and medial arterial calcification, respectively [6, 7]. These studies 
were complemented by clinical observational studies linking warfarin to vascular calcifica-
tions. Retrospective analysis of ESRD patients assessed for aortic valve calcification by echo-
cardiography demonstrated a significant association between the severity of calcification and 
long-term use of warfarin and HD duration [8]. Furthermore, there is a more than 10-fold risk 
of CUA with warfarin therapy among ESRD patients on HD [9], and warfarin has been impli-
cated as the strongest identifiable risk factor for future development of CUA in a large case-
control study [10]. 

Unlike the authors of prior reports of warfarin-associated CUA, we had the opportunity 
to sequentially observe the emergence of metastatic pulmonary CUA and the impact of ESRD 
and HD on development of CUA. Serial increase in phosphorus, worsening SHPT, the use of 
calcium-containing phosphate binders, and initiation of vitamin D analogs prior to CUA diag-
nosis are all risk factors that could have potentiated the effects of warfarin-induced calcifica-
tion [1, 11]. Experimental models of vascular calcification demonstrated that Ca and P can 
induce phenotypic changes in vascular smooth muscle cells that resemble bone-promoting 
mineralization cells [12]. 

Chronic inflammation in CKD results in endothelial and vascular damage, activating key 
cellular and molecular elements involved in bone metabolism and repair and induction of 
proatherogenic cytokines [13, 14]. Fetuin A, a serum glycoprotein involved in systemic clear-
ance of excess Ca × P product, is often downregulated in the chronic inflammatory state that 
characterizes ESRD, correlating to the development of accelerated atherosclerosis and CUA in 
ESRD patients [15]. Regardless of the mechanisms involved, this report highlights the cumu-
lative effects of multiple positive inducers of vascular mineralization and loss of the inhibitory 
function of MGP and fetuin A in the pathogenesis of CUA. 

The ability of bone scintigraphy to detect CUA development is due to the uptake of a bone-
seeking radiopharmaceutical, a process reported in patients with metastatic calcifications in 
the settings of cancer, sarcoidosis, primary hyperparathyroidism, and vitamin D intoxication 
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[16–19]. An additional feature of this case is the fortuitous serial documentation of increased 
soft-tissue tracer accumulation by serial bone scintigraphy that correlated with the emer-
gence of metastatic pulmonary CUA. Prior studies have reported the use of bone scintigraphy 
to diagnose CUA [3], and it can also detect the metastatic spectrum of CUA beyond the lesion 
[20]. Bone scintigraphy has a high 89% sensitivity and a 97% specificity for diagnosing CUA, 
and it can often be useful for early diagnosis of CUA before ulceration occurs [20] and moni-
toring CUA treatment response to multi-interventional modalities including STS [21]. 

Our serial radiographic assessment demonstrating increased soft-tissue calcification as-
sociated with the clinical emergence of CUA suggests that bone scintigraphy may provide a 
sensitive tool to screen and monitor selective ESRD patients with CUA at risk for metastatic 
calcification. This observation also points to the systemic nature of the calcification process 
leading to CUA, which is not merely a process of small-vessel occlusion. Furthermore, this case 
illustrates the refractoriness of metastatic calcification to therapies directed at reducing the 
factors promoting mineralization as well as discontinuation of warfarin. This contrasts 
sharply with the improvement of hypercalcemia-mediated soft-tissue calcifications by bone 
scintigraphy in patients with renal insufficiency [16, 19]. The failure to see a short-term 
marked improvement of metastatic CUA in our patient despite the use of STS – a commonly 
used but yet unproven medical therapy, as part of a multi-therapeutic approach – suggests 
that long-term treatment may be required to show resolution of metastatic CUA [21]. 

In summary, successive bone scintigraphy scans documented the emergence of meta-
static pulmonary CUA and the resistance of CUA to various treatments as the patient transi-
tioned from late-stage pre-dialysis CKD to dialysis-dependent ESRD. Bone scintigraphy can be 
a complementary tool in determining the extent of CUA in certain ESRD patients. Alternative 
anticoagulation therapy should be considered for ESRD patients at high risk for CUA. 
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Fig. 1. Right calf showing tender erythematous nodule with necrosis. Reproduced with permission from: 

Nigwekar SU, Thadhani RI. Calciphylaxis (calcific uremic arteriolopathy). In: UpToDate, Post TW (Ed), Up-

ToDate, Waltham, MA. (Accessed on June 19, 2020) Copyright© 2019 UpToDate, Inc. For more information 

visit www.uptodate.com. 
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Fig. 2. Left thigh punch biopsy of a deep dermal blood vessel showing mural calcification without intimal 

proliferation, microvascular thrombosis, necrosis, or extravascular calcium and phosphorus deposits 

(×200 magnification). 

 

 

 

Fig. 3. 99mTc-methylene diphosphonate bone scan, anterior views. a No activity in the lungs and thighs 5 

months prior to starting hemodialysis. b Extensive activity throughout the lungs and thighs, right greater 

than left. c Persistent activity in the lungs and thighs despite optimization of hemodialysis and control of 

bone mineral metabolism. d Persistent activity in the lungs but decreased activity in the thighs after 1 

month of sodium thiosulfate. 
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Table 1. Biochemical and hemodialysis clearance profile before and after the diagnosis of calcific uremic 

arteriolopathy 

        
        
Timing Ca (2.13–2.63 

mmol/L)  

P (0.81–1.45 

mmol/L) 

Corrected Ca, 

mmol/La 

PTH (10–65 

ng/L) 

Alb (35–55 

g/L) 

URR, 

% 

Kt/V 

        
        
Months prior to CUA diagnosis 

5b 2.02 1.42 2.30 479.4 30 n/a n/a 

4 2.17 1.36 2.42 220.2 28 45.7 0.63 

3 2.30 1.23 2.48 n/a 31 50 0.80 

2 2.20 2.03 2.38 245.3 31 43.2 0.53 

1 2.08 2.13 2.25 564.7 31 48.1 0.72 

Diagnosis 2.40 1.39 2.58  98.8 31 55.9 1.04 

  Months after CUA diagnosis 

1 1.75 0.65 2.08 n/a 24 n/a n/a 

2 2.13 0.97 2.58  49.2 17 n/a n/a 

        
        
Alb, albumin; Ca, calcium; K, dialyzer clearance; t, dialysis time; V, volume of distribution of urea; n/a, not 

available; PTH, parathyroid hormone; P, phosphorus; URR, urea reduction ratio. a Albumin-corrected 

calcium. b Hemodialysis started. 
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