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Introduction

Patients with chronic renal disease often times
have derangements in calcium and phosphorus
levels with resultant increases in PTH. These
abnormalities in mineral metabolism are impor-
tant determinants of bone and cardiovascular
health. The current Kidney Disease: Improving
Global Outcome (KDIGO) guidelines recom-
mend individualized treatment and targets. This
chapter reviews the action of PTH and calcium
regulation as well as the pathogenesis, etiology,
and treatment of secondary hyperparathyroidism
of renal origin.

Physiology of PTH Action
and Calcium Regulation

The parathyroid hormone is a single-peptide
chain consisting of 84 amino acids. The amino
terminal portion of this molecule is predomi-
nantly responsible for its actions. The rate of
clearance of the 1-84, biologically active, amino
acid peptide is faster than the inactive fragments.
Earlier assays only provided an insight into the
gland activity and not necessarily the function as
they measured both the active and inactive frag-
ments. The newer double antibody assays that are
more widely used these days, measure only the
intact fragment.
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The primary function of parathyroid hormone
(PTH) is the maintenance of the extracellular
calcium concentration. Parathyroid hormone
acts directly on the bone and kidney and indi-
rectly on the intestine in order to maintain cal-
cium homeostasis. As extracellular calcium
concentrations decline and PTH levels rise, there
is release of calcium from the bone into the
blood. At the level of the kidney, PTH exerts its
effect by increasing reabsorption of calcium
from the glomerulus. Indirectly, PTH increases
the production of 1, 25(OH) D2 which in turn
increases the intestinal absorption of calcium.
The action of PTH on these organs is critical in
maintaining calcium homeostasis. Ionized cal-
cium is the most important determinant of PTH
secretion. In addition to hypocalcemia, mild
hypomagnesemia, hyperphosphatemia, and low
calcitriol levels stimulate the secretion of para-
thyroid hormone.

Hypocalcemia results in an increase in the
level of parathyroid hormone up to five times
the basal rates of secretion. This in turn results
in (1) increase in the calcium release from bone
into the blood, (2) increased calcium reabsorp-
tion at the level of the kidney and (3) vitamin D
mediated increased absorption of calcium
through the intestines. The parathyroid glands
are stimulated via a calcium sensor, a G protein-
linked receptor located on the plasma membrane
of the parathyroid glands. Under conditions
where all glands are functioning normally,
excesses in calcium concentration are effec-
tively corrected by the changes in parathyroid
levels. The decline in calcium levels is counter-
acted by an increase in the secretion of parathy-
roid hormone. In situations where the organs are
unable to function normally, such as in kidney
disease, the elevations in PTH fail to maintain
calcium and phosphate homeostasis and second-
ary hyperparathyroidism ensues.

In chronic kidney disease, due to a decrease
in renal mass and subsequent depletion of 1 o
hydroxylase, the production of 1, 25(OH) D2
(calcitriol) is decreased and phosphate levels
increase due to impaired phosphate excretion.
The phosphatonin fibroblast growth factor
FGF23 also increases which in turn down regu-
lates the enzyme 1 o hydroxylase and thereby
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exacerbates the deficiency of calcitriol. This
leads to hypocalcemia and as an adaptive
response, the parathyroid levels increase.
Continuous stimulation of the parathyroid gland
results in diffuse polyclonal hyperplasia fol-
lowed by monoclonal nodular hyperplasia [1, 2].
In early kidney disease, abnormalities in mineral
metabolism are not frequently observed. It is
likely that FGF23 plays a role in maintaining
this calcium and phosphate homeostasis [3].
FGF-23 reduces serum phosphate by directly
inhibiting the phosphate absorption in the proxi-
mal tubule and indirectly by decreasing calcitriol
synthesis. As kidney disease advances, the above
mechanisms are unable to maintain the phos-
phate balance. The resultant hyperphosphatemia
that ensues may cause extra osseous deposition
of calcium and phosphate. In SHPT of renal ori-
gin, calcium levels are often within or below the
reference range. Uremia may further affect the
calcium levels by impairing the intestinal
absorption of calcium.

FGF23 decreases PTH secretion and cell pro-
liferation in normal glands but it does not have an
effect on a hyperplastic gland. Parathyroid hor-
mone levels begin to rise once creatinine clear-
ance falls below 80 mL/min [4].

Klotho is a transmembrane protein with
decreased production in CKD and is likely
responsible for the changes in vasculature, bone
and skin in these individuals. In the kidneys, this
gene is located on the proximal tubule cells,
brush border, and urinary lumen. Klotho acts as a
cofactor for FGF23, and regulates phosphate
metabolism. In the absence of Klotho, FGF23
signaling is impaired [5]. It is postulated that the
decline in Klotho causes resistance of FGF23
actions on the kidney and the parathyroid gland.
As aresult, FGF23 levels continue to rise, further
increasing PTH and reducing vitamin D. This
results in a vicious cycle and contributes to the
progression of SHPT in CKD. Elevations in cal-
cium and phosphate levels associated with SHPT
may result in vascular calcifications and an
increase in morbidity as well as mortality. The
high FGF23 levels seen in CKD and are associ-
ated with increased all-cause mortality in hemo-
dialysis patients as well as poor cardiovascular
outcomes [6—8].
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Physiology of Vitamin D

Upon exposure to sunlight, ultraviolet radiation
enters the epidermis and 7-dehydrocholesterol is
converted to pre-vitamin D3. This compound is
biologically inactive and within 24 h, it is con-
verted to Vitamin D3 in the epidermis. In the pres-
ence of vitamin D binding proteins, the synthesized
Vitamin D is translocated into the circulation.
From there, it is transported to the liver and metab-
olized to 250HD by hepatic enzymes. 250HD is
not active at physiologic levels. It is transported to
the kidney for additional hydroxylation. The kid-
ney plays a vital role in the conversion of 250HD
to an active metabolite 1, 25, (OH) D2 by the
enzyme 1 alpha hydroxylase. In the presence of
hypocalcemia, PTH normally stimulates the syn-
thesis of 1,25(OH)2D. In mild to moderate renal
failure EGFR>30 ml/min, hyperphosphatemia
and decreased phosphate clearance suppress
1,25(0OH) D2. This occurs even despite the eleva-
tion seen in PTH.

Clinical History and Diagnosis

In SHPT, calcium levels are usually normal to
slightly low and individuals may be asymptom-
atic. Symptoms include mild perioral numbness
and tingling, cramping in hands and feet. Uremic
symptoms may also be noted. Chvostek and
Trousseau’s sign is positive on physical examina-
tion. Often times the cause of hypocalcemia is
obtained from the history itself. In Table 7.1, we
have shown the causes for secondary hypopara-
thyroidism and the appropriate test where appli-
cable to help in the diagnosis.

In the case of SHPT due to renal disease,
additional history of renal insufficiency, serum
creatinine, phosphorus, BUN, assessment of
urine output, and comorbidities is essential. The
measurement of PTH is required and is typically
high in the presence of a normal to mildly low
serum calcium concentration. Due to the chro-
nicity of the disease, serum albumin should be
routinely measured to obtain a corrected calcium
level. Elevated serum calcium excludes SHPT of
renal origin.
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Guidelines for the Management
of SHPT

Treatment of SHPT is aimed at minimizing all-
cause morbidity and mortality, abnormal mineral
metabolism, and bone disease as well as prevent-
ing extra-skeletal calcium deposits including vas-
cular calcification.

In 2009, the Kidney Disease: Improving
Global Outcome (KDIGO) developed practice
guidelines which provided recommendations for
the evaluation and management of chronic kidney
disease-mineral and bone disorder (CKD-MBD).
The KDIGO does not recommend specific targets
for PTH based on the stage of renal disease. They
recommend using intact PTH as an assay. There is
a greater momentum towards early detection and
treatment of SHPT. In CKD stage III {GFR
30-59 mL/min/1.73 m?] PTH should be moni-
tored every 12 months along with annual calcium
and phosphorus assessments. Therapy should be
initiated if the PTH rises steadily or persistently
remains above the upper limit of normal. In CKD
stage IV [GFR 15-29 mL/min/1.73 m?], PTH
measurements are recommended every 3 months.
In CKD V not yet on dialysis, PTH should be
assessed every 3 months while calcium and phos-
phorus levels are assessed monthly. The goal is to
maintain calcium and phosphorus levels within
the normal range.

In 2003, the Kidney Disease Outcome Quality
Initiative KDOQI specified target goals for PTH,
calcium, and phosphorus. For patients with CKD
stage V [below 15 mL/min/1.73 m?], the KDOQI
guidelines recommended a target intact PTH
(first-generation  immunometric  assay) of
between 150 and 300 pg/mL, calcium phospho-
rus product of less than 55, serum calcium in the
lower half of the normal range [8.4-9.5 mg/dL]
and serum phosphorus between 3.5 and 5.5 mg/
dL. The standard treatments used in order to
achieve these targets were limited by drug side
effects and thus these goals remained largely
unmet [9].

The newer KDIGO CKD-MBD guidelines
have used more of an evidence-based approach
and have individualized treatment and represent
the most current clinical management guidelines.
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Table 7.1 Differential diagnosis, clinical features, and testing for common causes of SHPT

Cause

Clinical features

Diagnostic test

Impaired intestinal calcium
absorption

Low dietary intake

Avoidance of dairy products/
obtained via history

24 h urine calcium assessment

Lactose intolerance

Abdominal pain, bloating, flatulence,
diarrhea, bulky, frothy, and watery
stools

Known history of lactose intolerance

Lactose tolerance test
Lactose Breath Hydrogen tests
? genetic testing

Decreased intestinal absorption

Celiac disease

Diarrhea, weight loss, associated
autoimmune diseases such as Crohn’s
disease, TIDM

Transglutaminase antibodies
Endomysial Ab

Intestinal Biopsy

Evaluate for iron and B12 deficiencies

Pancreatic steatorrhea

Mild GI symptoms

Stool studies for fat
Evaluate for iron and B12 deficiencies

Vitamin D deficiency

Sunlight deprivation

Lack of sun exposure especially
high-risk groups (elderly, nursing
home residents) religious beliefs
Use of sunscreens

250HD

Intestinal Vitamin D
malabsorption

Liver disease

Hepatic function

Loss of calcium related to the
following disease

Bone

History of bisphosphonate use in:
Paget’s disease

Osteoporosis

Bone metastasis

NA

Lactation

Obtained via history/recent history of
weaning

NA

Kidney

History of kidney stones, loop
diuretics, family history of kidney
stones

24 h urine studies for calcium,
sodium, phosphorus, oxalate, citrate

Soft tissue damage

Traumatic muscle damage, ICU stay,
extensive burns

CK levels

Impaired PTH secretion

Renal failure

Pruritus, anuria, uremic symptoms,
anemia

Creatinine, phosphorus, blood urea
nitrogen

Pseudohypoparathyroidism

Albright phenotype
Family history
Tetany

Genetic testing

Target PTH levels should be based on the levels
of renal dysfunction to avoid high bone turnover
and maintain near normal levels of alkaline phos-
phatase. This goal can be achieved by keeping
PTH near the upper limit of normal in CKD
stages 3—4 and up to nine times normal in the
dialysis population [10]. However, a uniform
classification system in this area is lacking.

Current KDIGO guidelines do not recom-
mend routine measurements of bone mineral
density in CKD, although suggest that serum
PTH or bone-specific alkaline phosphatase levels
should be assessed to predict bone turnover [10].

Bone biopsy is the gold standard procedure to
assess CKD-MBD but is invasive and not widely
available. Vascular calcification can be assessed



7 Secondary Hyperparathyroidism

by lateral abdominal radiograph, echocardio-
gram, or computed tomography (CT) scanning.

Treatment of SHPT

The goal of treatment is to lower PTH while
maintaining normal calcium and phosphorus lev-
els. This is often times very challenging due to
the complex interrelationship of hormones, bone
health, diet, and mineral balances within the
body. It is to be kept in mind that the treatment
options discussed below improve biochemical
parameters and bone histology although the evi-
dence on the impact on patient-related outcomes
is lacking.

The use of standard treatment measures such
as calcium supplementation, phosphate binders,
and vitamin D analogs are limited by the devel-
opment of hypercalcemia, hyperphosphatemia,
increased CaxP product with resultant increase
in vascular calcifications.

Calcium Supplements

Calcium supplements are only moderately effec-
tive in controlling PTH levels in those with SHPT
on dialysis or early stages of renal failure.
Calcium carbonate alone versus oral or IV cal-
citriol did not show a significant decrease in the
levels of PTH [11, 12]. High doses of calcium
supplementation are limited by calcifications that
occur once the Ca X P product exceeds 55.
Calcium supplements are limited to 1-2 g per day
due to this concern.

Restriction of Dietary Phosphorus
and Phosphate Binders

The mainstay of treatment is the correction of
hyperphosphatemia and prevention of a positive
phosphate balance. This in turn limits the devel-
opment of hyperparathyroidism and its related
effects.

Phosphate control is still an unmet need in
CKD. Serum phosphorus is an independent risk
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factor for mortality in ESRD [13, 14] In mild
CKD, restriction of dietary phosphate reduces
PTH levels [15]. Phosphate restriction can be
achieved via eliminating food preservatives and
other additives. In order to maintain a balance
between protein and phosphorus levels, foods
with high biological value such as eggs and meats
are preferred. Phosphorus intake should be lim-
ited to 900 mg/day.

In addition to dietary interventions, phosphate
binders are used to control serum phosphate lev-
els. As the disease advances, dietary restriction
alone is insufficient to reduce hyperphosphate-
mia and the resultant SHPT. The currently avail-
able phosphate binders bind about 250 mg/day of
phosphate [16]. With use of a single phosphate
binder, about 30-50 % of ESRD patients remain
hyperphosphatemic. Combination therapy with
two different binders, increases the phosphate
binding capacity and maintains serum phospho-
rus levels within acceptable ranges. Both calcium
and non-calcium-based phosphate binders have
been used in the treatment of SHPT. Aluminum is
no longer used due to its serious toxicities. The
use of calcium-based binders increase the risk of
hypercalcemia, calciphylaxis, and vascular calci-
fication [17]. The calcium free phosphate binders
such as, sevelamer and lanthanum carbonate,
decrease serum phosphate levels without causing
hypercalcemia but they are not potent in lower-
ing PTH levels [18]. Ferric citrate is an iron-
based oral phosphate binder that effectively
lowers serum phosphorus levels and has been
shown to have safety profile similar to sevelamer
and calcium acetate in hemodialysis patient [19].
Niacin reduces phosphate absorption by blocking
the active sodium-phosphate co-transporters in
the small intestines and has shown promising
results [20]. Calcium containing binders are less
costly and readily available and can be used in
patients with CKD who have hypocalcemia. Non
calcium containing phosphate binders are pre-
ferred in individuals with CKD and normal or
high calcium levels.

Calcium as well as non-calcium-containing
phosphate binders were shown to comparably
lower FGF23 levels [21]. Overall, both calcium
and non-calcium phosphate binders are shown to
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be effective in lowering phosphorus levels but the
impact of these agents on all-cause mortality and
cardiovascular mortality in CKD is unclear [22].
In a recently published meta-analysis, non-
calcium-containing phosphate binders were asso-
ciated with lower all-cause mortality [23].
Available phosphate binders can increase calcifi-
cations in coronary artery and abdominal aorta
[24]. Dietary phosphate restriction, with or with-
out calcium carbonate treatment, resulted in pro-
gression of vascular calcifications, although this
effect was not seen in those treated with sevelamer
[25]. However, data supporting improved clinical
outcomes by limiting the progression of vascular
calcifications is lacking.

Vitamin D and VDR Agonist

Adequate levels of vitamin D are required for
intestinal absorption of calcium. In the presence
of low vitamin D, intestinal absorption of cal-
cium is reduced which results in elevated PTH
levels and subsequently parathyroid gland hyper-
plasia [26]. In CKD stages 3—4, calcium and
phosphorus levels are usually in the physiologic
range [27]. The majority of patients with CKD
have low vitamin D [28]. The KDOQI guidelines
recommend correction with vitamin D especially
in stages 3 and 4 as these low levels may trigger
the development of hyperparathyroidism.
Supplementation of vitamin D with either ergo-
calciferol or cholecalciferol increases the level of
25HD and 1,25 (OH)D2 and may suppress but
not necessarily normalize PTH in stages 3—4. In
Stage 5, supplementation with vitamin D is gen-
erally ineffective in suppressing PTH levels.

The deficiency of endogenous calcitriol pro-
duction is often treated with biologically active
VDR agonist such as calcitriol, paricalcitol, alfa-
calcidol (not approved for use in the United
States), and doxercalciferol. These active sterols
increase the absorption of calcium and phospho-
rus from the intestines and in turn decrease the
synthesis of PTH in a dose dependent manner
regardless of the stage of CKD. Dialysis patients
have impaired uptake and metabolism of 25HD.
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Calcitriol not only replete the levels of 1,25-D
but also increases the uptake of 25HD [29].
However, These drugs are limited by the develop-
ment of hypercalcemia and hyperphosphatemia,
especially at higher doses and have a narrow
therapeutic index [30]. The currently available
synthetic analogs reduce PTH to a similar extent
although paricalcitol achieves this reduction
sooner than the other drugs [31]. In addition,
paricalcitol showed significant and sustained
control of PTH, with fewer episodes of hypercal-
cemia [32].

Intravenous calcitriol has been used since
the late 1980s as an alternative therapy to
either oral calcitriol or parathyroidectomy in
adult dialysis patients with SHPT. Long term
treatment showed reductions in PTH as well as
alkaline phosphatase [33]. In addition, lower-
ing PTH was also shown to be cardioprotec-
tive [34]. Widespread use of intravenous
calcitriol has resulted in fewer parathyroidec-
tomies [35].

Low vitamin D and 1,25 (OH)D2 levels cor-
relate with increased cardiovascular disease and
deaths, while the use of VDR agonist therapy
may be cardioprotective. There are few prospec-
tive studies evaluating the effects of VDR agonist
on survival. Previous meta-analysis showed
Vitamin D supplementation was beneficial in
lowering cardiovascular and all-cause mortality
in patients with CKD [36]. Paricalcitriol has a
greater survival advantage over calcitriol [36].
Contrary to the above, current evidence on
Vitamin D supplementation does not support a
benefit in survival or cardiovascular mortality in
patients with CKD [37].

Continuous use of a VDR agonist results in
lowering PTH, preserving bone mass, and lower-
ing markers of bone remodeling such as bone
specific alkaline phosphatase and osteocalcin
[38, 39]. There is a lack of data on the effective-
ness of the interrupted use of VDR agonist.
Continuous therapy is recommended in order to
maintain PTH suppression.

Therapy and goals for optimal PTH suppres-
sion need to be individualized. Occurrence of
hypercalcemia due to VDR agonist may suggest
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the development of adynamic bone, a form of
renal osteodystrophy characterized by a low
bone turnover state [40]. VDR agonists can be
used to achieve PTH suppression while ensur-
ing that hypercalcemia and hyperphosphatemia
do not occur.

Calcium-Sensing Receptor Agonist:
Cinacalcet

The calcium-sensing receptor (CaSR) is a G
protein-coupled receptor located on the parathy-
roid chief cell membrane and represents the piv-
otal mechanism regulating PTH secretion. This
receptor was initially cloned from bovine
parathyroid cells and described by Brown et al.
[41]. Activation of this receptor by an increase in
extracellular calcium, the endogenous ligand,
decreases PTH secretion [42]. The lack of a drug
capable of directly altering PTH secretion with-
out affecting serum calcium levels made the
CaSR a high priority molecular target [43].

Ligands that simulate or potentiate the
effects of extracellular calcium at the CaSR
have been termed calcimimetics. There are two
mechanistically distinct types. Type I calcimi-
metics are inorganic and organic polycations
that act as agonists. Type II calcimimetics are
L-amino acids and phenylalkamines that func-
tion as allosteric activators [44]. These type II
drugs interact with membrane-spanning por-
tions of the CaSR and induce conformational
change in the receptor. This conformational
change lowers the threshold for CaSR activa-
tion by plasma calcium, thereby reducing PTH
secretion without a change in the serum cal-
cium level [45].

The first-generation calcimimetic drug candi-
date was NPS R-568, a phenylalkamine type II
compound. NPS R-568 was shown to selectively
activate the parathyroid CaSR and inhibit PTH
secretion both in vitro and in vivo [46]. However
this compound demonstrated a variable pharmaco-
kinetic and molecular profile [47]. This prompted
the development of cinacalcet HCI, or (aR)-

75

(=)-a-methyl-N-[3-[3-[trifluoromethylphenyl]
propyl]-1-napthalenemethanamine  hydrochlo-
ride, a second-generation analog of NPS R-568
that possesses the same safety and efficacy with
improved bioavailability.

Cinacalcet (Sensipar, Amgen, Thousand
Oaks, CA) has been approved by the FDA for
use in the US since 2004. Its indications include
(1) treatment of SHPT in adult patients on dialy-
sis for chronic kidney disease, (2) hypercalce-
mia in patients with parathyroid carcinoma, and
(3) severe hypercalcemia in patients with pri-
mary HPT.

In SHPT, cinacalcet treatment results in a
decrease in FGF23 levels and the effect on
FGF23 is independent of the changes in PTH
levels [48]. Orally administered cinacalcet has
been shown to reduce PTH and this effect can
be maintained long term [49]. In CKD patients
not on dialysis, cinacalcet decreases the levels
of PTH but can cause hypocalcemia, hyperphos-
phatemia, and hypercalciuria. Therefore close
monitoring of these laboratory values is required
[50, 51].

Long-term administration of cinacalcet is
associated with reduced progression of abdomi-
nal aortic calcification and uremic arteriolopa-
thy [52]. Appropriate calcium and phosphorus
levels may be achieved and together these
changes reduce the rates of cardiovascular
events and mortality in patients on hemodialy-
sis [52, 53]. Cinacalcet did not reduce the risk
of death or cardiovascular morbidity in those
individuals on hemodialysis with moderate to
severe hyperparathyroidism [54]. Nevertheless,
addition of cinacalcet to standard therapy in
adults with EGFR < 15 % (Stage 5) disease who
were on dialysis, helped prevent surgical
parathyroidectomy.

Cinacalcet resulted in a higher incidence of
hypocalcemia. The data is robust for individuals
with EGFR < 15 but sparse for those with EGFR
between 15 and 60 ml/min/1.73 m? and kidney
transplant recipients [55]. Cinacalcet does not
reduce the rate of clinical fractures in patients on
hemodialysis [56].
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Combination Therapy

Low-dose cinacalcet plus calcitriol is more effec-
tive than calcitriol alone for the treatment of
moderate and severe SHPT in chronic dialysis
patients. Combination therapy resulted in fewer
episodes of hyperphosphatemia and hypercalce-
mia [57]. When combined with VDR agonist,
cinacalcet has been shown to reduce the parathy-
roid gland volume [58].

In head-to-head trial with a VDR agonist,
cinacalcet was shown to be inferior to paricalci-
tol in suppressing bone turnover markers [59]. In
adult patients on hemodialysis, intravenous pari-
calcitol was found to be more cost-effective than
cinacalcet plus low dose vitamin D [60, 61].

Primary Hyperparathyroidism

A growing body of evidence exists to support
the efficacy of cinacalcet in lowering plasma
PTH and serum calcium levels in patients with
PHPT [62, 63]. A phase 3 multi-center trial
demonstrated that cinacalcet resulted in a sig-
nificant plasma PTH reduction and serum cal-
cium normalization compared to placebo [64].
Cinacalcet is effective and durable for multiple
years for PHPT patients with varying degrees
of disease severity [65]. In patients with PHPT
and nephrolithiasis, the addition of cinacalcet
to standard therapy and dietary measures led to
a significant reduction in both the number and
size of renal stones [66]. However, bone min-
eral density does not improve with cinacalcet
therapy [67].

Cincalcet has also been shown to correct hyper-
calcemia and hyperparathyroidism in kidney trans-
plant recipients [68].

Recent data have emerged to indicate that
patients with mild, asymptomatic PHPT who do
not meet surgical criteria for parathyroidectomy
experience more effective biochemical control
with cinacalcet compared to patients with surgi-
cal criteria. Patients without surgery criteria are
more likely to reach normocalcemia at the end of
the initiation phase, they maintain significantly
lower serum calcium levels throughout treat-

P. Choksi and B.R. Lawson

ment, and they experience stronger reductions in
PTH level when compared to patients with surgi-
cal criteria [69]. This represents an active area of
investigation, as neither the FDA nor the
European Medical Agency currently approves
cinacalcet for the treatment of PHPT with surgi-
cal criteria.

Surgical Intervention

Parathyroidectomy for SHPT is generally consid-
ered if the serum PTH levels are >1000 pg/ml
with associated hypercalcemia, the volume of at
least one hyperplastic gland is >500 mm?® or
SHPT is refractory to treatment.

Patients  undergoing  parathyroidectomy
achieved the target KDOQI ranges 14-43 % of
the time for calcium and 65-76 % for phosphate.
However, most patients had a PTH below target
[70]. Several smaller studies have looked at the
survival benefit of parathyroidectomy versus
medical treatment and have shown better cardio-
vascular and all-cause mortality with surgical
intervention [71, 72]. There is ongoing debate
about the preferred method of surgery; subtotal
parathyroidectomy versus total parathyroidec-
tomy with auto transplantation [73]. Currently
total parathyroidectomy with or without auto-
transplantation is considered safe in patients with
uncontrolled SHPT.

Summary

In this chapter, we have reviewed the etiology
and treatment of secondary hyperparathyroidism.
Secondary hyperparathyroidism is characterized
by elevated PTH levels for an appropriate stimu-
lus of hypocalcemia. In chronic kidney disease,
the elevations in PTH fail to maintain calcium
and phosphorus homeostasis. Current treatment
options aimed at maintaining the phosphate bal-
ance and prevention of hyperphosphatemia. The
new KDIGO guidelines do not recommend a spe-
cific target range for PTH, calcium, or phospho-
rus but rather individualize targets based on renal
dysfuntion.
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As reviewed above.

Best Practices: N/A

Expert Opinion

Early diagnosis and treatment of SHPT is
key. Dietary phosphate restriction and vita-
min D supplementation is an effective
treatment for CKD patients who are not on
dialysis.

Vitamin D analogs and calcimimetics
have shown to be effective in lowering PTH
levels and can be used alone or in combina-
tion. Cost of these treatments can be pro-
hibitive. Regular laboratory evaluations are
needed. For SHPT that is refractory to med-
ical treatment, parathyroidectomy remains
a viable option.
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