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Abstract
Secondaryhyperparathyroidismdevelops inCKDdue toacombinationofvitaminDdeficiency,hypocalcemia, and
hyperphosphatemia, and it exists in nearly all patients at the time of dialysis initiation. There is insufficient data on
whether to prefer vitaminDanalogs comparedwith calcimimetics, but the available evidence suggests advantages
with combination therapy. Calcium derangements, patient adherence, side effects, and cost limit the use of these
agents. When parathyroid hormone level persists >800 pg/ml for >6 months, despite exhaustive medical
interventions,monoclonal proliferationwith nodular hyperplasia is likely present alongwith decreased expression
of vitaminDandcalcium-sensing receptors.Hence, surgical parathyroidectomy shouldbeconsidered, especially if
concomitant disorders exist, such as persistent hypercalcemia or hyperphosphatemia, tissue or vascular
calcification including calciphylaxis, and/or worsening osteodystrophy. Parathyroidectomy is associated with
15%–57%greater survival in patients on dialysis, and it also improves hypercalcemia, hyperphosphatemia, tissue
calcification, bone mineral density, and health-related quality of life. The parathyroidectomy rate in the United
States declined to approximately seven per 1000 dialysis patient-years between 2002 and 2011 despite an increase
in average parathyroid hormone levels, reflecting calcimimetics introduction and uncertainty regarding optimal
parathyroid hormone targets. Hospitalization rates are 39% higher in the first postoperative year. Hungry bone
syndrome occurs in approximately 25%of patients on dialysis, and profound hypocalcemia requires high doses of
oral and intravenous calcium along with calcitriol supplementation. Total parathyroidectomy with autotrans-
plantation carries a higher risk of permanent hypocalcemia, whereas risk of hyperparathyroidism recurrence is
higher with subtotal parathyroidectomy. Given favorable long-term outcomes from observational parathyroid-
ectomy cohorts, despite surgical risk and postoperative challenges, it is reasonable to consider parathyroidectomy
in more patients with medically refractory secondary hyperparathyroidism.
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Introduction
Parathyroid hormone (PTH) levels start to increase
with progression of CKD when the eGFR falls to
approximately 45 ml/min per 1.73 m2. On transition
to maintenance dialysis therapy, nearly all patients
have secondary hyperparathyroidism defined as per-
sistently high PTH level (normal PTH ,65 pg/ml),
and.80% of patients exhibit a serum PTH.150 pg/ml
(1). Elevated PTH is considered both a consequence
and perpetrator of mineral bone disorder, and it
has been linked with CKD osteodystrophy, where
high bone turnover results in higher risk of fractures,
hyperphosphatemia, vascular and tissue calcifica-
tion, anemia hyporesponsive to erythropoietin ther-
apy, worse health-related quality of life, and increased
mortality (2–4).

Causes of relatively high and low PTH in stage 5
CKD are summarized in Table 1. Proposed PTH
targets in the dialysis population have varied widely
across professional organizations in the absence of
high-level evidence: from 60–240 pg/ml (Japanese
Society for Dialysis Therapy 2012 guidelines) to two to
nine times the upper normal range (130–600 pg/ml;
Kidney Disease Improving Global Outcomes [KDIGO]
guidelines 2009) (5). Given the lack of randomized,

controlled trials to define the optimal PTH range, the
most recent 2017 KDIGO guidelines for mineral bone
disorder advise treatment of secondary hyperparathy-
roidism on the basis of the individual patient’s temporal
PTH trends (6). In these guidelines, parathyroidectomy
is suggested for patients with all stages of CKD ranging
from early eGFR decline ,60 ml/min per 1.73 m2 to
dialysis who fail to respond to pharmacologic therapy.
Here, we will briefly review secondary hyperparathy-
roidism pathophysiology and discuss medical therapies
for hyperparathyroidism and their limitations, and
then, we will focus on the role of parathyroidectomy
and its implications.

Secondary Hyperparathyroidism Pathogenesis
and Patterns of Parathyroid Hyperplasia
Fibroblast growth factor-23 exponentially increases

as kidney function declines and downregulates 1a-
hydroxylase expression in proximal tubular cells. This
leads to marked reduction in 1a,25-dihydroxyvita-
min D (calcitriol), the active form of vitamin D.
Parathyroid cells express vitamin D receptors and
calcium-sensing receptors, and these cells prolifer-
ate and ramp up PTH synthesis in the setting of
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1a,25-dihydroxyvitamin D deficiency and low ionized
calcium concentrations. Development of secondary hyper-
parathyroidism, in turn, mitigates these derangements by
increasing 1a-hydroxylase expression in the kidney and
mobilization of ionized calcium from bone. High extracel-
lular phosphorus concentrations, which are commonly
observed among patients with advanced CKD, can also
increase PTH expression (7), although the phosphorus-
sensing mechanisms remain unclear in humans. Although
fibroblast growth factor-23 directly suppresses PTH gene
expression, its inhibitory effect on secondary hyperpara-
thyroidism may be relatively limited due to decreased
klotho expression in parathyroid glands among patients
with advanced stages of CKD (8).
Patterns of parathyroid hyperplasia in secondary hyper-

parathyroidism are classified into four categories: diffuse
hyperplasia, early nodularity in diffuse hyperplasia, nod-
ular hyperplasia, and single nodular gland (9) (Figure 1).
Secondary hyperparathyroidism initially presents with
polyclonal parathyroid cell proliferation (i.e., diffuse hyper-
plasia), for which active vitamin D agents, calcimimetics,
and phosphorus-lowering managements are effective
in lowering PTH concentrations. However, if not managed
appropriately, parathyroid glands develop progressive
monoclonal expansion of adenomatous-like tissue (i.e.,
nodular hyperplasia) and become resistant to medical
therapies due to reduced expression of vitamin D and
calcium-sensing receptors (10).

Adverse Consequences of Elevated PTH
CKD Osteodystrophy and Fracture Risk
Proposed mechanisms for skeletal resistance to PTH in

CKD include decrease in osteoblast PTH receptor expres-

sion, accumulation of the inactive 7–84 PTH fragment, and
accumulation of osteoprotegerin (11). It was previously
thought that blood PTH levels two to three times higher
than normal are necessary to maintain normal bone
turnover. However, bone biopsy studies have shown that
PTH poorly predicts underlying bone turnover; about 15%
of patients with PTH levels.600 pg/ml have normal or low
bone turnover on biopsy (12). Alkaline phosphatase is re-
emerging as a better predictor of high/low bone turnover,
and it has a more linear association with mortality in
patients on dialysis than PTH (13).
There is conflicting data from animal studies, where

intermittent and continuous exposures to elevated PTH
may induce opposite effects in bone turnover. Continuous
infusion of supraphysiologic levels of PTH in 5/6-
nephrectomized rats leads to high-turnover disease and
an osteoporotic effect (14). Similar studies in animals with
normal kidney function have shown that continuous PTH
administration decreases bone mass; however, intermittent
PTH has an opposite anabolic effect on bone (15). Adjusted
risk of hip, vertebral, or distal radius wrist fractures is 31%
lower after parathyroidectomy compared with in matched
controls (16), likely via mitigating high-turnover bone
disease (i.e., osteitis fibrosa) and increasing bone mineral
density (4).

Vascular and Tissue Calcification
Preclinical studies suggest that PTH effects on the

vasculature again differ on the basis of intermittent versus
sustained elevation of circulating PTH. CKD rats sub-
jected to 5/6 nephrectomy and continuous PTH infusion
developed hypercalcemia and severe medial aortic calci-
fication (14). In contrast, subcutaneous injections of

Table 1. Causes of low- and high-parathyroid hormone levels in CKD

Causes of Relatively Low PTH in CKD Stage 5
(PTH,150 pg/ml)a

Causes of Relatively High PTH in CKD Stage 5
(PTH.300 pg/ml)a

Relative hypercalcemia Hypocalcemia
Calcium-based bindersb Vitamin D deficiency of progressive CKD
Calcium-rich diet Urinary calcium loss (e.g., loop diuretics)
Higher calcium concentration in dialysate bathb Inhibition of bone resorption (e.g., RANK ligand inhibitors, such as

denosumab)
Elevated PTH–related peptide in malignancy Elevated fibroblast growth factor-23

Metabolic syndrome Vitamin D deficiency
Diabetes mellitus Hyperphosphatemia
Malnutrition-inflammation complexb Black race
Oxidative stress Resistant (tertiary) hyperparathyroidism
Peritoneal dialysisb

Advanced age
White race
PTH assay errors
High 1,25-dihydroxy or 25-hydroxy vitaminD levels
Administration of nutritional D
Active vitamin D analogs (D mimetics)

Administration of calcimimeticsb

Administration of recombinant PTH (teriparatide)
Adynamic bone disease
Postparathyroidectomy

PTH, parathyroid hormone; RANK, receptor activator of nuclear factor kB. Modified from ref. 25, with permission.
aNote that, in earlier stages ofCKD, other ranges canbe considered for“high”PTH (e.g.,.70pg/ml in stage 3 and.110pg/ml in stage 4;
see prior versions of Kidney Disease Outcomes Quality Initiative guidelines 2004).
bRelevant to patients on dialysis.
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teriparatide [PTH (1–34)] in diabetic male LDL receptor–
null mice inhibited vascular calcification and aortic osteo-
genic transformation (17). These studies are not able to
parse out the singular effects of PTH apart from hypercal-
cemia or hyperphosphatemia, important confounders that
are known to independently and synergistically induce
vascular calcification. Furthermore, secondary hyperpara-
thyroidism severity is incrementally associated with higher
levels of circulating alkaline phosphatase in patients on
dialysis (18), and the latter is a strong predictor of coro-
nary artery calcification in this population (19). Hence, the
vascular calcification of secondary hyperparathyroidism
may be mediated via alkaline phosphatase, and this bi-
ologically plausible hypothesis supports the survival asso-
ciation with parathyroidectomy. Calciphylaxis or calcific
uremic arteriolopathy is often associated with skin necrosis
and nonhealing ulcers with poor prognosis. Parathyroid-
ectomy has been associated with lower mortality among
patients with calciphylaxis (20); however, no large cohort
studies have established whether parathyroidectomy re-
sults in regression of vascular or other soft tissue calcifica-
tion, and PTH levels are inconsistently associated with
presence of calciphylaxis (21).

Hyporesponsive Anemia
Resistant anemia with hyporesponsiveness to erythro-

poiesis stimulating agents has been defined as failure to
achieve target hemoglobin in the presence of adequate iron
stores with an erythropoietin-a equivalent dose of 450
U/kg per week intravenously (300 U/kg per week sub-
cutaneously) for 4–6 months (22). Potential mechanisms by
which elevated PTH may affect red blood cell production
include direct toxicity of PTH on bone marrow erythroid

progenitors and increased hemolysis, and an indirect effect
is via induction of marrow fibrosis (23). Bone biopsy data
suggest that improvement of anemia after parathyroidec-
tomy depends on reversibility of bone marrow fibrosis
(24).

Pharmacologic Therapies for Hyperparathyroidism
and Their Limitations
Vitamin D Therapy
Calcitriol and vitamin D analogs, including vitamin D

mimetics (such as paricalcitol and maxacalcitol), are effec-
tive in reducing PTH levels in CKD. Historically, large
observational studies noted a survival advantage among
patients on dialysis treated with injectable vitamin D
compounds compared with placebo, prompting wide-
spread use in the ESKD population (25). Routine use of
vitamin D analogs in predialysis patients with CKD is
discouraged in the KDIGO 2017 guidelines due to the
22.6%–43.3% rate of hypercalcemia that was observed with
paricalcitol (compared with 0.9%–3.3% in placebo groups)
in two randomized, controlled trials: the Paricalcitol Cap-
sule Benefits in Renal Failure–Induced Cardiac Morbidity
trial and the Effect of Paricalcitol on Left Ventricular Mass
and Function in CKD trial (6). In these trials, left ventricular
mass and cardiac function were similar in paricalcitol and
placebo groups after 48–52 weeks of therapy. Although
there is evidence that nutritional vitamin D (cholecalciferol
and ergocalciferol) and the novel extended release 25-OH
vitamin D analog calcifediol can effectively lower PTH in
predialysis patients with CKD without incurring hypercal-
cemia, evidence is lacking on long-term mortality or car-
diovascular effects.

Figure 1. | Pathophysiology of secondary hyperparathyroidism in CKD. Circulating fibroblast growth factor-23 increases early in CKD and
suppresses 1a-hydroxylase in the kidney, leading to deficiencyof active vitaminD [1a,25(OH)2D].Hyperphosphatemia in CKD also stimulates
parathyroid hormone (PTH) secretion. Vitamin D deficiency and chelation of calcium by phosphorus result in hypocalcemia, which further
stimulates parathyroid proliferation. At the level of nodular hyperplasia, there is reduced expression of the vitamin D receptor (VDR) and the
calcium-sensing receptor (CaSR), and the secondary hyperparathyroidism is refractory to medical therapies, such as vitamin D agents and
calcimimetics.
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The use of vitamin D analogs is constrained by a narrow
therapeutic window, because pharmacologic doses in-
crease gut mineral absorption, and the subsequent hyper-
calcemia and hyperphosphatemia may promote vascular
calcification. This issue is compounded by resistance to
vitamin D analogs in patients in whom severe secondary
hyperparathyroidism has progressed to nodular hyper-
plasia with decreased vitamin D receptor expression (10).
After a point is reached where escalation of vitamin D
analog dose is not feasible due to hypercalcemia, hyper-
phosphatemia, and/or parathyroid gland resistance, de-
spite concurrent use of a calcimimetic (see below),
parathyroidectomy is a reasonable next step.

Calcimimetics
Calcimimetics and vitamin D analogs have become the

mainstay of pharmacologic therapy for secondary hyper-
parathyroidism in patients on dialysis in the United States.
Calcimimetics are positive allosteric modulators of the
calcium-sensing receptor, inducing a conformational
change that increases sensitivity of the parathyroid glands
to circulating calcium. The Randomized Trial of Cinacalcet
versus Vitamin D Analogs as Monotherapy in Secondary
Hyperparathyroidism trial showed that cinacalcet was as
effective as vitamin D analogs in lowering PTH (26).
Calcimimetics increase vitamin D receptor expression and
often lower serum calcium and phosphorus in patients on
dialysis, providing a rationale for calcimimetics and vitamin
D therapy to be used in combination to control secondary
hyperparathyroidism. Whether calcimimetics affect mortal-
ity, major cardiovascular events, or fracture rate remains
controversial. The Evaluation of Cinacalcet Hydrochloride
Therapy to Lower Cardiovascular Events trial evaluated
cinacalcet versus placebo in 3883 patients on hemodialysis
and noted a nonsignificant reduction in the primary com-
posite end point of all-cause mortality, nonfatal myocardial
infarction, hospitalization for unstable angina, congestive
heart failure, and peripheral vascular events (27). However,
prespecified subanalyses showed a significant reduction
in the primary composite end point for those age .65
years old (hazard ratio, 0.70; 95% confidence interval, 0.60 to
0.81; P#0.001) and for all-cause mortality (hazard ratio,
0.68; 95% confidence interval, 0.58 to 0.81; P#0.001). The
intravenous calcimimetic etelcalcetide was Food and Drug
Administration approved in 2017, but the intravenous route
is still associated with an approximately 10% rate of
gastrointestinal side effects (28). Cost-effectiveness is an-
other consideration; addition of cinacalcet incurs an addi-
tional United States $3000–4000 per year on top of the costs
of vitamin D and phosphorus binders (29). If calcimimetic
side effects are intolerable or if out-of-pocket costs to the
patient become prohibitive, parathyroidectomy is a rea-
sonable option.

Phosphorus Binders
Although hyperphosphatemia is an important mediator

in the pathogenesis of early secondary hyperparathyroid-
ism, it can also happen as a consequence of secondary
hyperparathyroidism as evidenced by a downtrend in
serum phosphorus that parallels the PTH drop in the
calcimimetics clinical trials (27,28). Management of

secondary hyperparathyroidism can significantly improve
phosphorus control by reversing high-turnover bone dis-
ease and restoring the capacity of the skeleton to act as a
reservoir for calcium and phosphorus mineral. Phosphorus
binders have limited use as a therapy in established
secondary hyperparathyroidism. Phosphorus binders are
not approved for use in the predialysis population, and the
use of calcium-containing salts, such as calcium carbonate
or acetate, to correct hyperphosphatemia in patients on
dialysis increases the risk of hypercalcemia and vascular
calcification (30). Calcium-free binders, such as sevelamer
and lanthanum carbonate, as well as iron-based binders
may be associated with less arterial calcification, but the
effect on survival is unclear (31). Serum calcium and
phosphorus control is improved after parathyroidectomy
(4) and may remove the need for phosphorus binders.

Indications for Parathyroidectomy
Parathyroidectomy is required in about 15% of patients

after 10 years and 38% of patients after 20 years of ongoing
dialysis therapy (32). Parathyroidectomy is indicated for
patients with secondary hyperparathyroidism that is re-
fractory to medical therapy (i.e., calcimimetics and vitamin
D analogs). Although typically asymptomatic, severe
secondary hyperparathyroidism can manifest as bone
and joint pain, muscle weakness, or refractory pruritus,
leading to worse health-related quality of life. Associated
complications may include hypercalcemia, uncontrolled
hyperphosphatemia, anemia hyporesponsive to erythro-
poietin therapy, and increased mortality risk through
accelerating vascular and tissue calcification (2,3). We
would emphasize that there is insufficient evidence on
whether vitamin D analogs versus calcimimetics should be
the first-line therapy for secondary hyperparathyroidism.
From a pathophysiologic standpoint (Figure 1), an argu-
ment could be made for both agents to be used early in the
disease when the vitamin D and calcium-sensing receptors
are intact. There is evidence from clinical trials that more
patients were able to achieve PTH targets when cinacalcet
was added onto standard therapy with active vitamin D
agents and phosphorus binders, and the combination
therapy allowed for downtitration of vitamin D doses
(33). As noted above, combination therapy may also avoid
blood calcium derangements, because vitamin D therapy
can lead to hypercalcemia, whereas calcimimetics can
induce hypocalcemia; no trials have been done to specifi-
cally address this calcium balance issue. Because of
cheaper cost and prescriber familiarity, the vitamin D
analogs are usually the first agents prescribed for PTH
control. Persistently elevated PTH values .800 pg/ml (.6
months) that remain nonresponsive to pharmacologic
therapy, including maximally tolerated doses of vitamin
D analogs and calcimimetics, are generally accepted as a
criterion for parathyroidectomy (34) given the association
with improved survival from observational studies (see
below), especially if nodular hyperplasia is confirmed on
imaging. Hyperplastic parathyroid gland volume
.500 mm3 or glands .1 cm in long diameter strongly
suggest nodular transformation, which is often refrac-
tory to medical therapy (Figure 1). It is our opinion that
there is no definitive lower PTH threshold and that
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parathyroidectomy in patients on dialysis is reasonable
when levels are in the 600- to 800-pg/ml range if there is (1)
persistent hypercalcemia or hyperphosphatemia (corrected
serum calcium.10.2 mg/dl [.2.5 mmol/L] or phosphorus
.5.5 mg/dl [.1.8 mmol/L]) despite patient compliance to
diet and optimized vitamin D analog/calcimimetic
doses, (2) elevated risk or presence of calciphylaxis, or
(3) erythropoietin-resistant anemia when other modifiable
factors, such as iron deficiency or gastrointestinal bleeding,
have been ruled out (Figure 2). Of note, although parathy-
roidectomy has been associated with lower mortality among
patients with calciphylaxis (20), the significance of elevated
PTH in calciphylaxis pathogenesiswas recently challenged in a
report from a national German registry, where only 6% of the
253 patients had a PTH of .600 pg/ml (21).

Total versus Subtotal Parathyroidectomy
Most patients on dialysis with secondary hyperparathy-

roidism have multiple enlarged parathyroid glands, for
which the surgical options are subtotal or total parathy-
roidectomy. When total parathyroidectomy with auto-
transplantation is done, a fragment of parathyroid tissue
is placed into the sternocleidomastoid or forearmmuscle or
the subcutaneous abdominal adipose tissue. There are no
significant differences in surgical outcomes between sub-

total and total parathyroidectomy (35). However, subtotal
parathyroidectomy preserves a remnant parathyroid gland
with its original blood supply, and hence, it has a lower
risk of postoperative permanent hypocalcemia (36). Sub-
total (targeted) parathyroidectomy is preferred if there
is a single or double adenoma causing tertiary hyperpara-
thyroidism after kidney transplantation, for which the
incidence of recurrent secondary hyperparathyroid-
ism is low (37). Conversely, total parathyroidectomy with
autotransplantation is preferred for patients with compel-
ling reasons to avoid reoperative neck surgery (i.e., thyroid
conditions that potentially require additional surgical pro-
cedures, prior history of repeated neck surgery, known
recurrent laryngeal nerve injury, significant medical comor-
bidities, or intolerance of general anesthesia) (38). For
patients with longer life expectancy or those with little or
no likelihood of undergoing kidney transplantation, a total
parathyroidectomy alone (without autotransplantation) is
superior in terms of preventing recurrent refractory sec-
ondary hyperparathyroidism (39). The long-term effect of
excessively low PTH levels remains unclear, although there
are concerns for a shift from high- to low-bone turnover
disease with potential adverse vascular outcomes after
parathyroidectomy (12).
Subtotal parathyroidectomy is more commonly performed in

the United States for secondary hyperparathyroidism (36),

  Parathyroid ultrasound
and /or

and /or

Figure 2. | Perioperative considerations for parathyroidectomy in patients on dialysis. Optimal parathyroid hormone (PTH) level remains
unknown; although most would agree that persistent levels .800 pg/ml warrant parathyroidectomy, a lower threshold may be reasonable.
*Preoperative (pre-op) ultrasoundand 99mTc-sestamibi scintigraphymayhelp reduce the risk of recurrent disease by (1) detecting ectopic glands
and (2) identifying which parathyroid gland has the lowest sestamibi uptake and can be used as the remnant tissue. †Used together to maintain
serum calcium in normal range, because vitaminD analogs raise calcium,whereas calcimimetics lower calcium.Use of calcimimetics may be
limited by gastrointestinal side effects and high cost. *Preoperative (pre-op) ultrasound and 99mTc-sestamibi scintigraphy may help reduce the
risk of recurrent disease by (1) detecting ectopic glands and (2) identifying which parathyroid gland has the lowest sestamibi uptake and can be
used as the remnant tissue. IV, intravenous; post-op, postoperation.
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whereas total parathyroidectomy with autotransplanta-
tion is more prevalent in Japan (40). The preference for
type of parathyroidectomy procedure likely reflects var-
iability in dialysis practices; Japanese patients with ESKD
have longer 5-year survival rates than their American
counterparts (60% versus 42%, respectively), but also, they
have exceptionally low rates of kidney transplantation
(five versus 36 per 1000 dialysis patient-years, respectively)
(41,42).
Hospitalization costs associated with parathyroidectomy

average United States $14,000 (43). Surgical techniques
have improved through advancement of minimally in-
vasive surgery guided by preoperative localization via
ultrasonography, highly sensitive 99mTc-sestamibi radio-
nuclide scans, and intraoperative blood PTH sampling.
Unadjusted rates of in-hospital mortality after parathy-
roidectomy in the United States declined significantly from
1.7% in 2002 to 0.8% in 2011 (43).

International Trends in Parathyroidectomy Rates
Analysis of United States parathyroidectomy rates

between 2002 and 2011 among all patients on dialysis
and kidney transplant recipients in the US Renal Data
System showed that the rate fell from 7.9 per 1000
patients in 2003 to 3.3 per 1000 patients in 2004 (43).
This coincided with the commercial launch of cinacalcet
in 2004. Subsequently, parathyroidectomy rates in-
creased through 2006 and then remained constant around
5.0 per 1000 patients through 2011 (43), despite an overall
uptrend in average PTH levels in the United States
dialysis population.
In contrast, the Dialysis Outcomes and Practice Patterns

Study noted a consistent decline in parathyroidectomy
rates in North America (the United States and Canada)
between 2002 and 2011 to a rate of approximately 7.5 per
1000 patients (5). Parathyroidectomy rates similarly de-
clined in Europe, Australia, and New Zealand in the same
period. Median PTH values have been consistently in-
creasing (approximately 300 pg/ml as of 2011) in North
America, Europe, Australia, and New Zealand. The dis-
parity between decreasing parathyroidectomy rates and

increasing PTH levels may be explained in part by
limitations in cinacalcet dose titration due to gastrointes-
tinal side effects, and it reflects the prevailing uncertainty
surrounding optimal PTH targets.
Parathyroidectomy rates in Japan fell abruptly after the

advent of cinacalcet to approximately two per 1000 patients
(5). Median PTH in Japan has remained around 150 pg/ml,
in keeping with the Japanese Society for Dialysis Therapy’s
2012 recommendation to target a PTH range of 60–240
pg/ml (note that the prior Japanese Society for Dialysis
Therapy guidelines targeted an even lower PTH range of
60–180 pg/ml) (5). The Japanese hemodialysis population
has better survival rates compared with European and
United States cohorts (41,42), and although certain practice
patterns have been proposed to affect mortality outcomes,
such as use of highly purified dialysate and lower ultra-
filtration rates, it is possible that targeting much lower PTH
levels in Japan has contributed to this survival superiority.
PTH gene polymorphisms may influence PTH levels in
patients on dialysis (44), but this has not been explored
across different ethnic groups.

Associations with Improved Survival after
Parathyroidectomy: Limitations in Observational
Studies
Successful parathyroidectomy that achieves sustained

decrease in PTH levels can ameliorate many secondary
hyperparathyroidism–related symptoms, improve manage-
ment of serum calcium and phosphorus, decrease risk of
bone fracture (16), increase bone mineral density (4), and
improve health-related quality of life (45). Parathyroidectomy
has consistently been associated with improved survival in
large observational dialysis cohorts, with a reported 15%–

57% reduction in all-cause mortality (Table 2). Therefore,
parathyroidectomy is reasonable in the presence of persis-
tent hypercalcemia or hyperphosphatemia without need
for a defined PTH threshold, especially when medical
therapies have been maximized or cannot be tolerated
due to side effects.
A recent meta-analysis by Chen et al. (46) extracted data

from 13 cohort studies involving 22,053 patients, of whom

Table 2. Observational studies examining outcomes after parathyroidectomy in patients on dialysis

Study Country

Sample
Size, PTx/
Medical

Treatment

Mean
Age,
yr

Women,
%

Dialysis
Duration,

mo

Mean
Durationof
Follow-Up,

mo

Study
Period

Mean
Serum
iPTH,
pg/ml

Mortality
Difference
with PTx

Kestenbaum
et al., 2004
(56)

United
States

4558/4558 47.6 57.5 40.2 36 1994–
2001

Not
reported

Short-term↑death,90d
after PTx; long-term
↓all-causedeath15%

Sharma et al.,
2012 (57)

United
States

150/1044 42.0 53.0 86.4 43.2 1993–
2009

1770.0 ↓All-causedeath37%,
↓ CV death 33%

Goldenstein
et al., 2013
(58)

Brazil 123/128 48.0 45.7 72.0 23 2005–
2012

1455.1 ↓All-cause death 57%

Ivarsson et al.,
2015 (59)

Sweden 423/1234 55.8 50.4 Not
reported

56.3 1991–
2009

Not
reported

↓All-cause death 20%

Komaba et al.,
2015 (51)

Japan 4428/4428 59.2 44.3 150.5 12 2004–
2005

382.5 ↓All-causedeath34%,
↓ CV death 41%

Aconsistent associationwith improved survivalwas observed in the dialysis population across studies. PTx, parathyroidectomy; iPTH,
intact parathyroid hormone level; CV, cardiovascular.
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approximately 10,000 underwent parathyroidectomy,
where parathyroidectomy was associated with an overall
28% reduction in all-cause mortality and a 37% reduction in
cardiovascular mortality. Table 2 summarizes the largest
studies in patients on dialysis (where the parathyroidec-
tomy group included .100 patients). The association with
improved survival after parathyroidectomy is not observed
in kidney transplant recipients (Table 3), suggesting that
improvement of kidney-regulated mineral metabolism
post-transplant may have an important effect on mortality.
Although the observational data postparathyroidectomy

are compelling and show potential survival and clinical
benefits, several considerations are to be acknowledged.
First, it is unlikely that there ever will be a randomized,
controlled trial to examine outcomes after parathyroidec-
tomy given the potential surgical morbidity, hospitaliza-
tion costs, increasing age and comorbidities among patients
on dialysis, and the directed agenda from pharmaceutical
companies to develop novel drug therapies. Therefore, data
on parathyroidectomy outcomes are limited to observa-
tional studies with their intrinsic limitations, such as
confounding by indication, which is especially pertinent
with a surgical intervention. In this case, when nephrolo-
gists refer patients for parathyroidectomy, they have
already assessed the patient to be an adequate operative
candidate and expect potential benefits to outweigh risks
and costs.
Second, secondary hyperparathyroidism–related symp-

toms, such as pain, weakness, and pruritus, are frequently
observed among patients on dialysis irrespective of PTH
values, and hence, they may or may not improve after
parathyroidectomy. Third, parathyroidectomy is asso-
ciated with significant postoperative morbidity, with
hospitalization rates that are 39% higher in the first year
after parathyroidectomy compared with the preceding
year (47). Fourth, medical compliance needs to be
ascertained before labeling a patient as having refractory
secondary hyperparathyroidism; adherence to medica-
tions is notoriously difficult in patients on dialysis. Fifth,
among patients on dialysis with greater residual kidney
function, parathyroidectomy may be less effective in
decreasing serum phosphorus levels (48). This is because
PTH-induced urinary phosphorus excretion can contrib-
ute substantially to solute clearance, even at low levels
of eGFR.
Prior concerns that abrupt lowering of PTH after para-

thyroidectomy would lead to adverse outcomes seem to
be unfounded. Earlier studies in the dialysis population
described a J-shaped relationship between PTH and
survival (49,50), where both extremes of very low (,60
pg/ml) and high (.300 mg/ml) PTH levels were each
associated with significantly higher mortality risk. How-
ever, recent data showed that the higher risk of mortality
associated with very low PTH was most evident among
patients who had not received any treatment for second-
ary hyperparathyroidism (5). Furthermore, analysis of
.4000 Japanese patients on dialysis observed the
association between increased mortality and low PTH
to hold true only among patients who had not un-
dergone parathyroidectomy (51). In contrast, among
patients who had previously undergone parathyroid-
ectomy, the lowest PTH levels were associated with the
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best clinical outcomes (51). Adding to the complexity of
PTH interpretation, biochemical detection of a low PTH
can be misleading, because protein-energy wasting and
inflammation in CKD suppress PTH secretion (Table 1).
Obesity and race can also affect PTH levels, and there is
interfacility variability due to the use of different com-
mercial assays (25). In summary, observational cohort
studies suggest that parathyroidectomy is associated with
improved survival, although exact mechanisms remain
unclear.

Hungry Bone Syndrome
Hungry bone syndrome is defined by a decrease in

serum total calcium to ,8.4 mg/dl (2.1 mmol/L) and/or
prolonged hypocalcemia for .4 days postparathyroidec-
tomy (52) due to unopposed osteoblast uptake of mineral
after acute drop in PTH levels. Concomitant hypophos-
phatemia, hypomagnesemia, and hyperkalemia can be
seen. In recent retrospective analyses of 144 patients on
dialysis who underwent parathyroidectomy, approxi-
mately 27% of patients developed hungry bone syndrome
(53,54). Risk factors included younger age (47.5 versus 54.5
years old in one series; #45 years old in a separate cohort),
higher body weight (60.7 versus 49.8 kg), higher preoper-
ative serum alkaline phosphatase (415 versus 221 IU/L),
lower preoperative serum calcium level (9.76 versus 10.4
mg/dl), and lower postoperative serum calcium (7.1 versus
8.3 mg/dl) (53,54). PTH and use of calcimimetics or vitamin
D analogs did not predict hungry bone syndrome (54).
Hungry bone syndrome often requires intravenous calcium
repletion for an average of 7 days postoperatively followed
by high doses of oral calcium and vitamin D analog
supplementation; calcitriol is the agent of choice given its
marked calcemic effects. Serum calcium levels decline to a
minimum 3 weeks after surgery (55), and the use of high-
calcium dialysate can be considered during this period.
Figure 2 summarizes perioperative considerations for pa-
tients with ESKD undergoing parathyroidectomy for med-
ically refractory hyperparathyroidism.

Conclusions
Secondary hyperparathyroidism is common in advanced

CKD, and first-line medical therapy includes the use of
vitamin D agents and calcimimetics. Vitamin D agents may
incur hypercalcemia, whereas calcimimetics lower serum
calcium, and combined use of these drugs may diminish
the risk of calcium derangements. About 15% of patients
will need parathyroidectomy for medically refractory
secondary hyperparathyroidism after 5–10 years on di-
alysis. Rates of parathyroidectomy have been stable despite
an overall uptrend in PTH levels in the United States
dialysis population, reflecting uncertainty in the nephrol-
ogy community regarding the optimal PTH range to target.
Randomized clinical trials of parathyroidectomy are lack-
ing, and risks of increased hospitalization rates in the first
postoperative year and the high likelihood of hungry bone
syndrome must be assessed on an individual basis. How-
ever, given that large observational dialysis cohorts have
shown multiple positive associations after parathyroidec-
tomy, including decreased all-cause mortality, normalization

of calcium and phosphorus, decreased fracture rate, and
improved health-related quality of life, parathyroidectomy
is a reasonable option in patients with CKDwith medically
refractory secondary hyperparathyroidism.
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