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Chronic kidney disease (CKD) is 
thought to affect approximately one 

in 10 people. Patients with CKD have 
significantly increased cardiovascular 
morbidity and mortality in comparison 
with the general population. This is 
thought to occur from a combination of 
increased atherosclerotic disease and 
medial calcification of arterial walls. 
Vascular calcification (VC) is recognised 
as an active, cell-mediated process with 
similarities to osteogenesis. Numerous 
systemic and local factors have been 
identified as inhibitors of calcification 
including fetuin-A, matrix Gla protein and 
pyrophosphate. There is also increasing 
evidence that increased serum phosphorus, 
serum calcium x phosphorus product, 
and/or calcium load is associated with 
increased VC. 

Current treatment strategies focus on 
the correction of markers of mineral 
metabolism bone disease such as 
phosphate, calcium, parathyroid hormone 
and vitamin D. The use of agents such 
as bisphosphonates and cinacalcet show 
promise, but further data are awaited 
before their widespread use as a treatment 

for VC can be advocated. Imaging 
techniques currently used to assess VC 
are also discussed. Research into the 
mechanisms underlying VC are still being 
investigated and further insight into these 
mechanisms will lead to the development 
of therapeutic agents, which could improve 
cardiovascular outcomes in patients.

Introduction
Chronic kidney disease (CKD) is thought to affect 
approximately one in 10 people and approximately 
0.2% of the population has end-stage renal disease 
(ESRD).1 Patients with CKD have significantly 
increased cardiovascular morbidity and mortality in 
comparison with the general population. As CKD 
progresses towards ESRD the cardiovascular event 
risk increases.2 This is thought to occur from a 
combination of increased atherosclerotic disease 
and increased prevalence of vascular calcification 
(VC) (figures 1 and 2).

The degree of calcification in coronary arteries is 
correlated with increased risk of cardiovascular 
events and death.3 Patients with ESRD have two- 
to fivefold more coronary artery calcification than 
age- and sex-matched individuals with coronary 
artery disease alone.4 VC is highly prevalent in 
dialysis populations. Studies have estimated that 

Figure 1. Plain X-rays of calcified vessels: (A) calcified peripheral vessels; (B) calcified iliac vessels
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nearly 70% have significant coronary and/or 
aortic calcification.5 

Cardiovascular deaths in the renal population 
are only partly explained by ischaemic heart 
disease and myocardial infarction. There 
is a much higher incidence of arrhythmias, 
cardiomyopathy and sudden cardiac arrest 
that cannot be explained by atherosclerosis 
alone.6 Traditional risk factors cannot explain 
the increased cardiovascular mortality in this 
group of patients. This is supported by the 
fact that the Framingham Risk score has been 
shown to under predict the cardiovascular 
event rate in patients with CKD.7 

Pathophysiology of VC
Calcification within arteries can take several 
forms, occurring as very small, dispersed 
crystals of hydroxyapatite, as large calcified 
deposits, mineralised cartilage and bone-like 
tissue containing marrow.8 VC is recognised 
as an active, highly regulated, cell-mediated 
process with similarities to osteogenesis, in 
that it is associated with expression of bone-
related proteins, such as bone morphogenetic 
protein-2, osteopontin, type I collagen, bone 
sialoprotein and alkaline phosphatase.9

In vitro models of calcification have been 
established, which demonstrate that 
pericytes, vascular smooth muscle cells 
(VSMCs) and calcifying vascular cells 
display many characteristics of cells of the 
osteoblast lineage and deposit a mineralised 
matrix reminiscent to that seen in vivo.9,10 
Despite intensive investigation, it is still 
not fully understood how VC is regulated, 
although matrix Gla protein (MGP), 
fetuin-A, osteopontin, osteoprotogerin and 
pyrophosphate are involved.9,11 

Inhibitors of VC
Numerous systemic and local factors have 
been identified as inhibitors of calcification 
including fetuin-A, MGP and pyrophosphate. 
Fetuin-A is a circulating glycoprotein 
synthesised in the liver. Fetuin-A knockout 
mice develop extensive vascular and soft-
tissue calcification.12 In dialysis patients 
low circulating fetuin-A levels have been 
associated with a greater increase in all-
cause and cardiovascular mortality.13 MGP-
knockout mice develop extensive calcification 
of arteries and cartilage calcification resulting 
in premature death despite being normal at 
birth.14 Mutations in the MGP gene result in 
human Keutal syndrome (pulmonary stenosis, 
brachytelephalangism and calcification of 
cartilage),15 which suggests that MGP is an 
inhibitor of calcification in humans. MGP 
requires vitamin K-dependent carboxylation for 
its function, and treatment with the vitamin 
K antagonist warfarin results in widespread 
calcification in rat models.16 Interestingly, 
warfarin use has been associated with 
calciphylaxis in CKD patients.17

Pyrophosphate has been known to be 
an inhibitor of calcium precipitation, and 
exclusion of pyrophosphate has been 
demonstrated to be necessary before VC 
occurs in animal models, even in the presence 
of hyperphosphataemia and hypercalcaemia 
(figure 3).18 

Relationship between bone 
and vascular disease
Chronic kidney disease –  
mineral bone disorder
CKD 4 and 5 patients (i.e. patients with 
glomerular filtration rate [GFR] <30 ml/
min) inevitably develop disorders of mineral 
metabolism as a consequence of reduced 
phosphate excretions and reduced vitamin D 
hydroxylation in the kidney. This results in a 
compensatory rise in parathyroid hormone 
(PTH) resulting in hyperparathyroidism. 
There is increasing evidence that increased 
serum phosphorus, serum calcium x 
phosphorus product, and/or calcium load 
is associated with increased VC.19 Bone 
density has been shown to be inversely 
linked to VC in CKD patients.20 VC and 
renal bone disease are now thought to be 
part of the same disease spectrum. To 
that end Kidney Disease: Improving Global 
Outcomes (KDIGO) have recently published 
a new definition of renal osteodystrophy 
termed chronic kidney disease – mineral 
bone disorder (CKD-MBD). This term is 
used to describe the clinical syndrome that 
develops as a systemic disorder of mineral 
and bone metabolism due to CKD. This 
syndrome is described as manifesting one or 
a combination of the following: 

abnormalities of calcium, phosphate,  •	
PTH or vitamin D metabolism 

abnormalities in bone turnover, •	
mineralisation, volume, linear growth,  
or strength

vascular or other soft tissue calcification.•	 21

VC, calcium, phosphate and PTH
Patients with CKD develop 
hyperphosphataemia due to reduced 
phosphate excretion and secondary 
hyperparathyroidism. Large observational 
studies have consistently shown an 
association between hyperphosphataemia 
and increased cardiovascular outcomes in 
patients with ESRD and CKD.22,23 Tonelli et al. 
have also shown that higher serum phosphate 
is associated with increased cardiovascular 
events and death in people with pre-existing 
coronary disease.24 

Block et al. studied 40,538 dialysis patients 
and showed higher adjusted serum calcium 

Figure 2. Computed tomography of 
calcified aortic arch

Figure 3. Pathophysiology of vascular 
calcification. Vascular calcification is 
prevented by naturally occurring inhibitors 
of mineralisation. However, an imbalance 
between inducers and inhibitors of 
calcification can result in vascular smooth 
muscle cells (VSMCs) developing an 
osteoblast-like phenotype. These osteoblast-
like VSMCs lay down mineralised matrix 
resulting in vascular calcification

Key: MGP = matrix Gla protein; VSMC = vascular 
smooth muscle cell 
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concentrations were associated with an 
increased risk of death. In addition severe 
hyperparathyroidism (PTH ≥600 pg/ml) 
was associated with increased mortality.25 
Block et al. have also shown that increased 
calcium x phosphorus products correlate 
with increased mortality.26 Chertow et al. 
further added to the association by showing 
that the use of non-calcium containing 
phosphate binders attenuated progression 
of VC in ESRD in comparison with calcium-
containing binders, which further increased 
the calcification present.27

Types of VC
VC can occur in different sites of the 
vasculature including intimal and medial 
vessel wall calcification, cardiac valvular 
calcification and soft tissue calcification.

Intimal calcification
Intimal calcification represents atherosclerotic 
disease but with increased calcification of 
the plaques in comparison with the general 
population.28 It develops mainly in the diabetic 
or ageing population who have a clinical 
history of atherosclerotic complications, and 
is associated with elevated phosphate, lower 
serum albumin and higher calcium carbonate 
intake.29 Intimal calcification is observed as 
a part of advanced atherosclerosis. It is more 
inflammatory and associated with cholesterol 
deposition, and usually contributes to arterial 
stenotic lesions and occlusion of vessels.

Medial calcification
Medial calcification is mainly found in 
ageing, diabetic and renal populations and is 
predominantly found in muscle-type conduit 
arteries such as femoral, tibial and uterine 
arteries. It is associated with abnormalities 
in calcium and phosphate metabolism. CKD 
patients with medial calcification tend to 
be much younger than patients with intimal 
calcification, but are also more likely to  
have a prolonged haemodialysis history 
(figure 4).29 

Calciphylaxis/calcific uraemic 
arteriolopathy
Calcification can also occur in the medial 
wall of small vessels and arterioles leading 
to subsequent tissue necrosis. This is a 
rare condition in patients with CKD but 
is associated with significant morbidity 
and mortality. It has been associated with 
preceding warfarin use, weight loss and 
immunosuppressive drugs.17 

Valvular calcification
Studies have shown that nearly 50% of 
haemodialysis patients have evidence of 
valvular calcification5 and its presence is 
a marker for atherosclerosis and arterial 
calcification.30 In comparison with the 
general population, calcification is markedly 
increased in mitral (29% vs. 6%) and aortic 
valves (22% vs. 6%).4 

Imaging techniques
Electron beam computed 
tomography and multi-detector 
computed tomography
Electron beam computed tomography (CT) 
and multi-detector CT remain the gold-
standard imaging techniques as they provide 
a quantitative calcification score. Calcification 
scores strongly predict cardiovascular events 
in the general population and in dialysis 
populations.31,32 As a result, these techniques 
are useful for monitoring the progression of 
VC. However, these techniques are limited by 
their ability to differentiate between intimal 
and medial calcification. Furthermore, cost 
and availability significantly limit their use in 
daily practice.

Plain X-ray and ultrasonography
VC can be semi-quantitatively measured 
using plain X-rays of the lateral lumbar spine. 
This method has been reported using a 
scoring system that accounts for the length 
of calcification on the anterior and posterior 
section of the aorta corresponding to four 
consecutive vertebrae. This score has been 
associated with increased morbidity and 
mortality in Framingham populations.33 
Recently this technique has also been shown 
to correlate with electron beam CT-generated 
calcification scores.34 

Blacher et al. have shown cardiovascular 
and all-cause mortality is predicted by the 
presence and extent of VC using B-mode 
ultrasonography at the carotid artery, aorta 
and femoral artery. This method has the 
advantage that it is more easily performed, 
cheaper and involves less radiation exposure 
for the patient.35

While ultrasound-based methods and plain 
X-rays may be good initial investigations 
they lack sensitivity and do not allow for a 
quantitative assessment of calcification load. 
Therefore, electron beam CT or multi-detector 
spiral CT should be used to quantify and 
assess time-related alterations in VC score.

Vascular stiffness
Pulse wave velocity
Vascular stiffness can be used as a surrogate 
marker of VC that can be measured at 
the bedside. Normally blood vessels 

Figure 4. Diagrammatic representation of intimal and medial calcification. Cross section 
through artery wall
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accommodate a large proportion of the blood 
volume by distending, allowing a smoother 
delivery of blood to the peripheries. As 
calcification (intimal or medial) develops it 
restricts the distensibility of the blood vessels, 
hence increasing their ‘stiffness’. The gold-
standard measurement is carotid-femoral 
pulse wave velocity. This measures the delay 
in propagation of the aortic pressure wave 
from the contraction of the left ventricle to 
the peripheral vessel (carotid artery and 
the femoral artery). Having measured the 
distance between the two points it is possible 
to determine the speed of the pressure wave 
through the main vascular tree. The procedure 
is easily applicable at the bedside though 
currently it is mainly used in the research 
setting (figure 5).

Greater pulse wave velocity, and by 
implication, vascular stiffness, have been 
associated with increased mortality in dialysis 
patients and are highly correlated with VC.36 

Management of VC
Non-calcium containing  
phosphate binders
The use of calcium-containing phosphate 
binders has been associated with increased 
progression of VC.29 The Kidney Disease 
Outcomes Quality Initiative (KDOQI) 
guidelines now state that a maximum dose of 
1.5 g of elemental calcium should be given 
per day.37 The newer non-calcium containing 
phosphate binder (sevelamer hydrochloride) 
has been shown to attenuate the progression 
of coronary and aortic calcification when 
compared with calcium-containing phosphate 
binders.27 At present the use of non-calcium 
containing binders is recommended in 
patients with evidence of VC.38

Vitamin D analogues
There have been mixed data published 
regarding the association of vitamin D 
analogues and VC. Data from experimental in 
vivo and in vitro models have shown vitamin 
D analogues39 to be associated with increased 
calcification, though some experiments used 
higher than physiological doses. However, in 
comparison retrospective survival analyses 
have been undertaken and these have shown 
that patients have a survival advantage if they 
are taking a vitamin D analogue compared 
with no vitamin D.40 Traditional vitamin 
D analogues result in increased calcium 
and phosphate levels. However, the newer 
vitamin D analogues do not lead to as great 
an increase in calcium and phosphate. 
This is due to selective receptor activation. 
One hypothesis suggests that vitamin D 
induced calcification is not due to the direct 
actions of vitamin D. Instead it is a result of 
increased episodes of hypercalcaemia and 
hyperphosphataemia. The newer analogues 
may help prevent this but no clear evidence is 
available in patients and further randomised 
controlled trials are required. 

Calcimimetics 
Cinacalcet is a calcimimetic that 
modulates the calcium sensing receptor 
at the parathyroid gland, and is used 
for treatment of severe CKD associated 
hyperparathyroidism. Cinacalcet controls PTH 
levels while reducing calcium, phosphate and 
calcium x phosphate product.41 Interestingly 
Cunningham et al. have shown that patients 

Figure 5. Technique for measuring 
pulse wave analysis at the radial artery 
using the SphygmoCor machine (Atcor 
Medical, Sydney). The transducer is 
placed on the radial artery. The pressure 
wave can be seen on the screen in the 
background

receiving calcimimetics had reduced 
hospitalisation from cardiovascular events in 
comparison with patients with uncontrolled 
secondary hyperparathyroidism.42 Whether 
this effect is a result of vascular remodelling 
secondary to the presence of the calcium 
sensing receptor in other cells or improvement 
in hyperparathyroidism is not yet clear. 

Bisphosphonates
The bisphosphonate group of drugs are 
pyrophosphate analogous and have been 
reported as being inhibitors of vascular and 
soft tissue calcification in animal models 
since the 1960s.43 Recent data from small 
clinical studies have demonstrated that 
etidronate can arrest or even reduce VC 
in haemodialysis patients.44 However, it is 
important to note that bisphosphonates are 
renally excreted and their use in dialysis 
patients may be associated with increased 
side effects. Furthermore, some groups of 
renal patients have a dynamic bone disease 
or mixed bone disease, and bisphosphonate 
treatment may have adverse effects on bone 
health. Consequently, the routine use of 
bisphosphonates is not advised at present. 
Larger randomised controlled trials are 
awaited that investigate bone and vascular 
health in addition to clinical outcomes.

Current guidelines for management
Patients with CKD have increased 
cardiovascular morbidity that is associated 
with increased VC and increased 
atherosclerotic disease. Therefore, traditional 
risk factors for cardiovascular disease 
should be addressed including smoking 
cessation, weight loss, glycaemic control and 
hypertension. In CKD it now appears that 
management or prevention of VC is closely 
related to the management of bone disease 
as highlighted by the new KDIGO definition. 
As a result, management of mineral and 
bone disease may reduce cardiovascular risk 
and the early identification and correction of 
calcium, phosphate and PTH abnormalities 
is essential. The KDOQI cardiovascular 
guidelines have provided recommendations 
on the management of VC. If calcification is 
present at two or more sites, patients should 
be treated with non-calcium containing 
phosphate binders in addition to aggressive 
management of traditional and non-traditional 
risk factors.38
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Key messages
Vascular calcification is significantly •	
increased in patients with renal 
dysfunction

Chronic kidney disease – mineral bone •	
disorder (CKD-MBD) is used to describe 
the clinical syndrome that develops as a 
systemic disorder of mineral and bone 
metabolism due to CKD

Electron beam CT and multi-detector •	
CT are the gold-standard imaging 
techniques

Management focuses on the correction •	
of markers of mineral metabolism

There are no targeted treatments •	
available for vascular calcification  
at present
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Patients with CKD have increased 
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cannot be attributed to traditional risk factors 
alone. In particular, VC has been shown to 
be associated with increased cardiovascular 
mortality in patients with ESRD. The 
development of VC is most likely related to 
an imbalance of local and systemic inhibitors 
and inducers of calcification. In particular, 
disorders of mineral metabolism and their 
treatments have been linked to VC in CKD 
patients. In addition to intimal and medial 
calcification, CKD patients can also develop 
rare life-threatening complications such as 
calciphylaxis. Current treatment strategies 
focus on the correction of markers of CKD-
MBD such as phosphate, calcium, PTH and 
vitamin D. In patients with established VC 
the use of non-calcium containing binders 

has been recommended. The use of agents 
such as bisphosphonates and cinacalcet 
show promise in some groups but further 
data are awaited before their widespread 
use as a treatment for VC can be advocated. 
Research into the mechanisms underlying 
VC is ongoing, and hopefully further insight 
into these mechanisms will lead to the 
development of therapeutic agents that  
can improve cardiovascular outcomes in 
patients •
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