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LEARNING OBJECTIVES

By the end of this article, readers should be able to:

1. Describe the pathophysiology of hyperphosphatemia in
renal disease.

2. Describe the vascular calcification in renal disease.

3. Describe current approaches to managing hyperphospha-
temia and opportunities to improve the management of
hyperphosphatemia in hemodialysis.

INTRODUCTION
Cardiovascular disease (CVD) is the leading cause of death
in patients with chronic kidney disease (CKD) and is pres-
ent in more than 50% of patients receiving dialysis (Doshi &
Wish, 2022). The risk of death from CVD is 20 times higher in
these patients compared to the general population. (Jankowski
et al., 2021). Risk factors for cardiovascular mortality in CKD
and end-stage renal disease (ESRD) can be broadly categorized
as traditional (diabetes, hypertension, and dyslipidemia) and
non-traditional risk factors (vascular calcification and inflam-
mation) (Jankowski et al., 2021). The ability of the kidneys to
maintain mineral homeostasis progressively declines with the
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loss of renal function. Mineral metabolism imbalance is char-
acterized by an increase in serum concentration of phosphate,
calcium, and parathyroid hormone (PTH) levels, and decrease
in serum levels of vitamin D, parathyroid vitamin D receptors,
and parathyroid calcium receptors, often seen with glomerular
filtration rates (GFR) of 30mL/min or lower (Zhou et al., 2021;
Jankowski et al., 2021).

Hyperphosphatemia (HP) has been identified as an inde-
pendent risk factor for the development of bone mineral
disease and vascular disease including vascular calcifica-
tion, and metastatic calcification of the heart valves and soft
tissues prevalent in the dialysis population (Doshi & Wish,
2022; KDIGO Working Group [KDIGO], 2017; Jankowski et al.,
2021). Epidemiological data from the Dialysis Outcomes
Practice Patterns Study (DOPPS) showed that HP is a strong
predictor of cardiovascular (CV) mortality in dialysis patients,
with the lower death rates in patients with phosphate levels
closer to normal ranges sustained over a period of six months
(Lopes et al., 2020). Strict control of HP has been shown to
delay the progression for coronary artery calcification in HD
patients (Isaka et al., 2021). This paper focuses on the devel-
opment of vascular calcification related to HP in patients
receiving HD and current therapy options to control HP.

PHOSPHATE REGULATION AND
HYPERPHOSPHATEMIA

Phosphate is an abundant mineral in the human body and
an important component of genetic material, lipids on cell
membranes, and adenosine triphosphate (ATP); it is tightly
regulated through dietary absorption, bone flux, and renal
excretion. (Zhou et al., 2021). Normal serum phosphate levels
range from 0.81 to 1.58 mmol/L with HP defined as a serum
phosphate level greater than 1.58 mmol/L (Zhou et al., 2021).
HP due to decreased GFR can induce hypertension, vascular
calcification, cardiac vascular calcification, atherosclerosis, left
ventricular hypertrophy (LVH), and myocardial fibrosis (Zhou
et al., 2021). It can also cause hypocalcemia, hyperparathy-
roidism, metabolic bone disease, and adverse cardiovascu-
lar events. The kidneys excrete about 90% of the phosphate
intake in the body and the gastrointestinal tract excretes the
rest; however, phosphate does not bind to albumin, and it is
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usually filtered through the glomerulus with 75% of filtered
phosphate being reabsorbed in the proximal tubule, approx-
imately 10% in the distal tubule, and 15% lost in the urine.
Phosphate homeostasis is under the direct hormonal influence
of calcitriol, PTH, Vitamin D receptors, calcium-sensing recep-
tors (CaSR), and phosphatonins including fibroblast growth
factor (FGF) 23 (Goyal & Jialal, 2021). Serum phosphate level is
maintained through a complex interaction between intestinal
phosphate absorption, renal phosphate handling, and phos-
phate transcellular movement between intracellular fluid and
bone storage pool (Goyal & Jialal, 2021).

Effects of hyperphosphatemia on the vascular and
cardiac systems

HP is an important factor in the development of adverse
cardiac events that result from hypertension, vascular calcifi-
cation, cardiovascular calcification, atherosclerosis, LVH, and
myocardial fibrosis (Cozzolino et al., 2018). Vascular calcifica-
tions can increase the incidence of arrhythmia, sudden car-
diac death, stroke, and mortality. This is because it can lead
to ischaemic CVD and increases in pulse pressure and pulse
wave velocity, resulting in the reduction of diastolic coro-
nary perfusion and LVH. Vascular calcification also results in
aortic stenosis, which causes an increase in cardiac afterload
(Jankowski et al.2021). In HD patients, calcification of the
lower part of the abdominal aorta appeared to be most predic-
tive of CV events and mortality (NasrAllah, 2016). Abdominal
radiographs are recommended as part of screening for vascular
calcification in patients with HP and GFR categories G3a to G5
(i.e., GFR less than 60 mL/min/1.73 m?) (KDIGO, 2017).

Figure 1

Intimal and Medial Calcification

Mechanism of vascular calcification

Blood vessels (aside from the capillaries) are made of three
layers. The inner layer or tunica intima consists of an endothelial
lining that provides a frictionless pathway for the movement of
blood. The middle layer or tunica media is composed of elas-
tic and muscular tissue that regulates the internal diameter of
the vessel. Finally, the outer layer or tunica adventitia provides
structural support and shape to the vessel (Tucker et. al., 2022).

Vascular calcification is an active process driven partly by
smooth muscle cells in the media of the vascular wall (Vahed
et al., 2020). Vascular smooth muscle cells (VSMC) are cellular
components of the medial layer that can switch from a con-
tractile phenotype to a synthetic phenotype in response to
injury (Jankowski et al., 2021). VSMC can undergo trans-dif-
ferentiation to osteoblast-like cells and extrude matrix ves-
icles containing proteins that resemble osteoblastic vesicles
(Durham et al., 2018). The excretion of these proteins creates
an osteogenic environment that results in vascular calcifica-
tion (Lee et al., 2020). In essence, the vascular wall converts
into bone. Smooth muscle cells are highly sensitive to the
increased levels of phosphate, calcium, and PTH, which trigger
cell transformation from a contractile cell type to an osteo-
blastic/chondrogenic cell type (Vahed et al., 2020).

Vascular calcification occurs in both the intimal and
medial layers of the arteries (Figure 1). Intimal calcification
has been linked to arterial obstruction and atherosclerotic
plaque rupture, whereas medial calcification has been linked
to vessel stiffness, systolic hypertension, and increased pulse
wave velocity resulting in increased diastolic dysfunction

(A) Intimal calcification is confined to the lumen of the endothelium of the vessel mainly associated with atherosclerosis,
contributing to vessel stenosis, lumen narrowing and increased BP. (B) Medial calcification affects the medial layer of the
vessel wall mainly composed of vascular smooth muscle cells, leading to increased vessel wall stiffness with compromised
blood pumping and compliance, reflecting in high BP, peripheral artery disease or even ventricular hypertrophy.
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and heart failure (Vahed et al., 2020; Lee et al., 2020).
Coronary artery calcification, prevalent in HD patients, is
associated with hyperphosphatemia and increased mortality
rate in this population. In patients receiving dialysis, reduc-
tion of phosphate level to closer to normal level is associated
with a slower progression of coronary artery calcification
(Isaka et al., 2021).

Management of hyperphosphatemia

There are three main therapies to combat hyperphos-
phatemia: phosphate binders, diet regulation, and dialysis
(Fishbane & Nigwekar, 2021). However, studies have shown
that 77% of dialysis patients struggle with maintaining
a phosphate level of less than or equal to 1.58 mmol/L.
Fishbane and Nigwekar (2021) found that dialysis patients,
on average, are prescribed 10.8 phosphate binders daily,
accounting for approximately 50% of their daily medication
pill burden. Some phosphate binders cause unpleasant gas-
trointestinal symptoms such as nausea, vomiting, abdominal
pain, and constipation. The calcium-based phosphate bind-
ers have been found to increase calcium levels and contrib-
ute to vascular calcification, further worsening the situation
(Fishbane & Nigwekar, 2021).

Dietary changes are the first line of treatment when car-
ing for patients with hyperphosphatemia (Goyal & Jialal,
2021). Patients are encouraged to reduce their consumption
of foods with high phosphate content, but it is very diffi-
cult to do so when there is a large amount of food products
that contain phosphate hidden in chemicals used to preserve
packaged food. Still, this line of intervention does not show
a marked reduction in phosphate levels for patients receiv-
ing dialysis (Floege, 2019). In addition, concerns about the
dietary phosphate restriction include the potential to reduce
protein intake and risk protein malnutrition (Floege, 2019).
A recent meta-analysis of randomized trials comparing var-
ious dietary interventions in addition to phosphate binder
therapy showed a 0.02 mmol/L decline in serum phosphate
levels in dialysis patients over six months of therapy, and
the effect seemed to disappear with discontinuation of the
dietary intervention (St. Jules et al., 2021).

The main aim of standard therapies is to help reduce the
phosphate level to an acceptable range close to the norm
(Goyal & Jialal, 2021). Medication options for phosphate
binders largely fall into the following categories of binders:
aluminum-based, calcium-based, non-calcium-based, and
iron-based (Chan et al., 2017). Aluminium-based binders
(aluminum hydroxide or Amphojel) are very effective, but
their use is no longer popular due to concerns about alumi-
num toxicity. Their use is restricted to controlled short-term
therapy when the levels of phosphate are extremely high,
and control needs to be achieved with urgency (Liu & Pemas,
2021; KDIGO, 2017).

Calcium-based binders such as calcium carbonate (TUMS)
replaced aluminum binders and are currently the first choice
of therapy due to their low cost. However, large doses are
required to be taken with meals above the recommended
daily amount (Frazao & Adragao, 2012). Doses over two
grams per day increase the risk of calcium overload and

hypercalcemia, which have been linked to vascular calcifi-
cation (Hutchison, 2009; KDIGO, 2017). Non-calcium-based
binders such as lanthanum carbonate (Fosrenol) and seve-
lamer hydrochloride (Renagel) are currently being used due
to their ability to reduce phosphate levels at a rate similar to
the calcium-based binders while eliminating the risk of cal-
cium overload (Frazao & Adragao, 2012; Ogata et al., 2021).
Lanthanum carbonate is a chewable tablet that is also avail-
able in powder form. Sevelamer hydrochloride is a polymeric
amine non-absorbed, binder approved for use in reducing
phosphate levels.

Iron-based phosphate binders such as sucroferric oxy-
hydroxide (Velphoro) are formulated as chewable ber-
ry-flavoured tablets approved for use in patients undergo-
ing dialysis, that have the added advantage of requiring a
lower number of tablets, thus decreasing pill burden in these
patients (Ketteler et al., 2019; Frazao & Adragao, 2012).
Tenapanor hydrochoride is a treatment used for irritable
bowel syndrome and has been studied as a new non-binding
therapy to control hyperphosphatemia. It inhibits phosphate
absorption in the GI tract. It has been shown to lead to good
results in controlling serum levels of phosphate; however,
the long-term effects of this drug are currently under evalu-
ation (Pergola, et al., 2021). It is not approved in Canada to
be used to treat HP in CKD.

IMPLICATIONS FOR NURSING PRACTICE

Hyperphosphatemia has far-reaching effects extending to
vascular calcification. Treatment of hyperphosphatemia is
complex, it requires diet control, use of phosphate lowering
medications and HD. Management of HP requires a multi-
pronged approach requiring intervention and counselling
from multiple disciplines, particularly from nurses at the
bedside. Knowledge of the pathophysiology of vascular cal-
cification as a sequela of hyperphosphatemia is an import-
ant component of hemodialysis nursing practice. Nephrology
nurses play a pivotal role in providing continuous education
and reinforcement to patients regarding the importance of
adherence to therapy to prevent complications. Nephrology
nurses are best positioned to provide consistent guidance
and support to these patients during their HD sessions.
Important consideration needs to be given to the side-ef-
fects of phosphate binders such as gastrointestinal upset,
nausea, and other symptoms that could contribute to subop-
timal adherence to HP management. Having an honest dis-
cussion with patients and providing continuous education
to inform them of available options for treatment are just as
crucial as being able to engage patients in their own medical
care. Advocating for patients in this regard is not the sole
domain of nurses. Nephrologists and the renal allied health
team comprising dietitians, pharmacists, and social workers
can all similarly engage in advocacy by working together to
expedite the sometimes-complex process of procuring access
to medications that are not covered by provincial drug plans.
Such a collaborative interdisciplinary approach to care that
puts patients front and centre is pivotal in the management
of hyperphosphatemia that would mitigate serious compli-
cations such as vascular calcification.
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