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Abstract

We reviewed the etiology and management of secondary and tertiary hyperparathyroidism. Secondary hyperpara-
thyroidism is characterized by an increase in parathyroid hormone (PTH) that is appropriate and in response to
a stimulus, most commonly low serum calcium. In secondary hyperparathyroidism, the serum calcium is normal
and the PTH level is elevated. Tertiary hyperparathyroidism is characterized by excessive secretion of PTH after
longstanding secondary hyperparathyroidism, in which hypercalcemia has ensued. Tertiary hyperparathyroidism
typically occurs in men and women with chronic kidney disease usually after kidney transplant. The etiology
and treatment of secondary hyperparathyroidism is relatively straightforward whereas data on the management of
tertiary hyperparathyroidism is limited 1o a few small trials with short follow-up.
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Definition of Hyperparathyroidism

Most of the articles in this issue of Journal of Clinical Den-
sitometry deals with the many and varied manifestations of
primary hyperparathyroidism (PHPT). It is important to distin-
guish between g primary disorder of the parathyroid gland(s),
in which there is incompletely regulated, excessive secretion
of parathyroid hormone (PTH) as in the cases of PHPT, and
physiological sitvations in which the parathyroid glands have
responded to a stimulus that appropriately leads to increased
PTH secretion. These forms of hyperparathyroidism are known
as secondary hyperparathyroidism. By defimtion, in secondary
hyperparathyroidism, the serum calcium concentration is nor-
mal but the PTH level is elevated. The major stimulus to in-
creased PTH secretion is in response to a reduction in the
serum calcium concentration. For example, any malabsorption
syndrome in which calcium absorption is impaired can be asso-
ciated with an increase in PTH secretion. Renal insufficiency
defined by a creatinine clearance lower than 60 mL/min is of-
ten associated with an increase in PTH. Vitamin D deficiency,
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as defined by a low 25-hydroxyvitamin D level, can be associ-
ated with an increase in PTH. The definition of vitamin D is
somewhat controversial with some experts considering a level
lower than 20 ng/mL (50 nmol/L) as the threshold, whereas
others feel that a level lower than 30 ng/mL (75 nmol/L) is
the threshold of vitamin I adequacy. For the purposes of defin-
ing secondary hyperparathyroidism, however, it s important to
consider a level of 25-hydroxyvitamin D that is clearly suffi-
cient, namely higher than 30 ng/mL (> 75 nmol/L). Drugs
such as lithium and thiazide diuretics can be associated with
an increase in PTH levels.

This article focuses mainly on tertiary hyperparathy-
roidism, characterized by excessive secretion of PTH after
long-standing secondary hyperparathyroidism in which
hypercalcemia has ensued. It is important to be clear on ter-
minclogy. Although both secondary and tertiary hyperpara-
thyroidism result from a chronic stimulus to PTH
secretion, the serum calcium is always normal in the former,
whereas it is always elevated in the latter. Tertiary hyper-
parathyroidism can be the end result of long-standing sec-
ondary hyperparathyroidism in which the stimulated
parathyroid glands are no longer in a reactive mode but
have assumed a quasi-autonomous function, not too dissim-
ilar from PHPT. The distinction between PHPT and tertiary
hyperparathyreidism is usually self-evident in that a clearly



Manifestations of PHPT

definable disorder is present, such as long-standing malab-
sorption or renal failure,

Etiology of Tertiary Hyperparathyroidism

Tertiary hyperparathyroidism is characterized by the semi-
autonomous hypersecretion of PTH leading to hypercalcemia,
The cellular etiology of tertiary hyperparathyroidism is un-
known but is postulated to be owing o a monoclonal expan-
sion of a clone of parathyroid cells, which have acquired an
altered set point of their calcium-sensing receptor (CASR)
so that PTH is secreted despile high serum calcium levels.
Tertiary hyperparathyroidism is most commonly observed in
patients with long-standing chronic kidney disease (CKD)
and often after renal transplantation. To understand why ter-
tiary hyperparathyroidism occurs in men and women with
CKI}, posttransplant, one must first consider why patients
with CKD develop secondary hyperparathyroidism.

Long-standing CKD is associated with several metabolic
disturbances that lead to increased secretion of PTH,
including hyperphosphatemia, calcitriol deficiency, and hypo-
calcemia (Table 1 and Fig. 1). Hyperphosphatemia has a direct
stimulatory effect on the parathyroid gland cell resulting in
nodular hyperplasia and increased PTH secretion (1,2). Hy-
perphosphateniia also increases PTH indirectly: the stimulus
to hyperphosphatemia caused by a reduction in filtered phos-
phate is reversed through PTH and fibroblast growth factor
(FGF)-23—mediated reductions in tubular epithelial phos-
phate ransport (3). The increase in phosphate excretion per
remaining nephron restores phosphate homeostasis at the
cost of higher PTH and FGF-23 levels and maintains normal
phosphate excretion, In short time, FGF-23 is able to reduce
PTH secretion, but in CKD there may be decreased parathy-
roid cell membrane expression of FGF-23 receptors and its
coreceptor, Klotho, so that even high levels of FGF-23 cannot
inhibit PTH production (4).

As CKD advances, the decreased nephron mass results in
a decrease in proximial tubular 1-a-hydroxylase activity and
calcitriol production (5). The decrease in calcitriol decrenses
intestinal calcium absorption, which leads to hypocalcemia
stimulating PTH secretion (described in more detail below).
With even more advanced renal failure, there is a decrease
in tissue levels of vitamin I} receptors (VDRs), particularly
in the parathyroid gland cells; 1 role of the VDR is to
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suppress the expression of prepro-PTH mRNA (6,7}, Thus,
the low levels of calcitriol together with low levels of VDR
increase the synthesis and secretion of PTH,

Low blood levels of ionized calcium stimulate PTH secre-
lion through activation of the CASR. In a short time, stimula-
tion of PTH secretion by hypocalcemia is caused by
exocytosis of PTH packaged in granules. With longer-term
hypocalcemia, there is an increase in the number of cells
that secrete PTH {8).

The size of the parathyroid glands progressively increases
as CKD} worsens, and gland size is positively correlated with
serum PTH levels. The increase in gland size is primarily be-
cause of diffuse cellular hyperplasia, but there is also mono-
clonal chief cell growth, resulting in the formation of nodules.
Nodular hyperplastic glands have less VDRs and CASRs
compared with diffusely hyperplastic glands, a fact that fur-
ther exacerbates parathyroid gland resistance to calcitriol
and calcium. Because the parathyroid glands are autono-
mously funclioning, in some patients, PTH levels remain per-
sistently high despite serum calcium levels that are within the
reference range or even above normal after a renal transplant
and so called tertiary hyperparathyroidism. Posttransplanta-
tion that usually results in a return to normal biology of phos-
phorus homeostasis and an increase in 1,25-dibydroxyvitamin
D production may not be sofficient to reduce PTH or serum
calcium Jevels if the tissue mass is great enough to act semi-
autonomousty.

Other rare causes of tertiary hyperparathyroidism include
X-linked bypophosphatemic rickets, adult-onset (autosomal
dominant) bypophosphatemic rickets, and oncogenic osteo-
malacia. These diseases are chronic and treated with high-
dose oral phosphate, which increases plasma phosphate: the
increase in phosphate transiently decreases ionized calcium
and results in a decrecased production of 1,25-
dihydroxyvitamin I}. The aberrations in mineral metabolism
lead to parathyroid stimulation and secretion of PTH, which,
over time, can result in autonomous function of the parathy-
roid glands that may be associated with either frank hypercal-
cemia or serum calciuin, which is in the normal range despite
a high sermm PTH level {9—174). In all 3 diseases, there is an
increase in FGF-23, which also contributes to the suppression
of 1,25-dihydroxyvilamin D production. To repair the min-
eralization defect in these diseases, replacement of 1,25-
dihydroxyvitamin I} in addition to phosphate is required.

Factors Contributing to Sccondalr';‘a }];;'.;rpamthymidism in Renal Disease
Mechanism
Factors Direct Indirect
Hyperphosphatemia Stimulates the parathyroid glands PTH-mediated reduction in tubular phosphate transport
Calcitriol Decreased VDR receptors increase in Hypocalcemia

secretion of prepro-PTH mRNA

Abbr: PTH, parethyroid hormone; VDR, vitamin D receptor.
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Fig. 1. Pathophysiology of secondary hyperparathyroidism. 1,25-(OH)2D3, 1,25-dihydroxyvitamin D; PTH, parathyreid hor-

maone.

Clinical Presentation of Tertiary
Hyperparathyroidism

Most commonly, these patients are identified by the pres-
ence of persistent hyperparathyroidism and hypercalcemia af-
ter renal transplantation. Although a successful renal
transplant will reverse most of the bone and mineral abnor-
malities in most patients, persistently elevated PTH with or
without increases in serum calcium is sometimes seen. Data
that report on the prevalence of these mineral abnormalities
are scarce. A recent, and the largest to date, retrospective ob-
servational study reported that among 607 patients with suc-
cessful renal transplants, 108 (52%) had an elevated PTH 1-yr
after transplantation, and 47 (8%) had an increase in both
PTH and serum calcium levels (15).

Although tertiary hyperparathyroidism characterized by
the combination of simultaneous hypercalcemia with elevated
PTH levels is most often seen in severe CKD patients afier
renal transplantation, it is important to exclude other either
pre- or coexisting conditions that might have this same bio-
chemical combination. These include a preexisting and uncor-
tected PHPT, continual prescribing of dmgs designed to
suppress PTH during severe CKD that might also cause hy-
percalcemia {eg, calcitriol), or continual use of drugs indi-
cated for psychiatric disorders (eg, lithium).

Symptoms and signs of tertiary hyperparathyroidism may
be similar to PHPT attributed to the level of PTH or level
of hypercalcemia, and can include bone pain, decreased
bone mineral density (BMD), fractures, pruritus, nephrolithia-
sis, peptic ulcer disease, pancreatitis, soft tissue or vascular
calcifications, muscle weakness, mental status changes, and
impaired graft function (/6}.
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Treatment

There are neither evidence-based guidelines for the treat-
ment of tertiary hyperparathyroidism nor are there large (rials
comparing interventions. The main indication for treatment is
persistent hypercalcemia and/or an increased PTH, and the
primary treatment is surgery, The purpose of surgical treat-
ment is to reduce the parathyroid mass and cell number
and, thus, nommalize the serum calciem concentration. Al-
though there are no universally accepted chinical guidelines
as to when to intervene, the most obvious indication is
long-term sustained hypercalcemia (> 11.0 mg/dL), similar
to 1 of the indications established by the National Institutes
of Health for intervention in asymptomatic PHPT (17), Al-
though there is no specific cutoff level of serum PTH that dic-
tates intervention, sustained PTH levels (a trend rather than
a single measurement), 2—9 times above the upper limit of
normal, even with normocalcermia, should lead to consider-
atton of parathyroidectomy. This last PTH cutpoint is also
not dissimilar from the Kidney Disease Improving Global
Outcome recommendation for management of secondary hy-
perparathyroidism in severe CKD cases (/8). It is imporiant
to stress that mild hypercalcemia and/or hyperparathyroidism
are common during the first 12 mo after renal transplantation,
and decisions regarding management should be delayed for
12 mo allowing the return of phosphorus, calcium, and vita-
min D homeostasis to normal unless a more severe “‘hypercal-
cemic crisis” dictates earlier intervention, In addition,
because severe hypophosphatemia can be observed carly after
renal transplantation, careful replacement and monitoring of
the serumn phosphorus may be indicated in early hypercalce-
mia after transplantation (19,2¢}},
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Surgical strategies can be broadly divided into subtotal or
total parathyroidectomy with or without autotransplantation
(21). Decisions about which approach is used are typically de-
termined by the surgeon on a case-by-case basis; there are
limited long-term follow-up data and even fewer data con-
cerning which strategy if any is superior. One recent trial
compared outcomes in 14 of 488 renal transplant patients
who developed tertiary hyperparathyroidism by surgical pro-
cedure, specifically total (n = 7) vs subtotal parathyroidec-
tomy (n =7) followed for 6-mo postoperatively (22). The
authors reported no difference in operative time, duration of
hospital stay, weight of the gland, or differences in laboratory
parameters other than calcium and phosphate. However, those
undergoing total parathyroidectomy had lower serum calcium
and higher serum phosphate levels. This led the authors to
conclude that subtotal parathyroidectomy is the preferred sur-
gical treatment as it reduces the risk of hypocalcemia. In con-
trast, a retrospective chart review reported on 26 subjects with
renal transplants who underwent total parathyroidectomy
without autotransplantation; 5-yr follow-up was available
for all subjects and 9-yr data for 20 subjects. After surgery,
all patients received 1-m-calcidiol. The authors reported that
at both 5 and 9 yr, serum calcium and serum PTH were nor-
mal and concluded that tolal parathyroidectomy without auto-
transplantation appears to be protective against persistent and
recurrent diseases (23),

Another potential treatment option is calcimimetics, such
as cinacalcet, Calcimimetics inhibit PTH secretion by mo-
dulating the CASR in the parathyroid gland. Although ca-
Icimimetics are not approved for treating tertiary
hyperparathyroidism, there have been a few small (total sub-
jects: 37 patients), open-label trials of shart duration
(10—26 wk) (24—26). All of these trials reported that serumn
calcium decreased and in most cases normalized, and 2 of
the 3 studies reported a significant decrease in serum PTH
(24,25). There were no changes in renal function and no ad-
verse events. A recent study reported on effects of stopping
cinacalcet after 12 mo of treaiment in 10 patients (27). The
follow-up in this study was 3 mo and was limited to measure-
ment of calcium, phosphate, PTH, creatinine, and cystatin C.
The authors reported that by 3 mo of discontinuation, serum
calcium increased, but it remained in normal range in 8 of
10 subjects, with no change in serum PTH level. The authors
concluded that it might be reasonable to consider a trial of ci-
nacalcet cessation in patients taking cinacalcet for the treat-
ment of tertiary hyperparathyroidism. Clearly, larger,
prospective, randomized controlled trials are needed.

In conclusjon, the diagnostic *‘label” of tertiary hyperpara-
thyroidism (the combination of sustained elevated serum PTH
and sustained hypercalcemia) is given by Interuational Clas-
sification of Diseases code when it is not because of PHPT,
Jamilial hypocalciuric hypercalcemia, or conditions (usually
iatrogenic) that can lead to this combmation of biochemical
abnormalities (eg, lithium} in patients without CKD, or calci-
triol use in patients with CKD and secondary hyperparathy-
midism. Other causes of secondary hyperparathyroidism are
usually accompanied by hypocalcemia, which is the reason
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why these latter patients have a secondary etiotogy for & nor-
mal biological response to explain the increased PTH (vita-
min I insufficiency, malabsorption, or CKD).

Tertiary hyperparathyroidism is most often seen after renal
transplantation where the chronic stimulants for the increased
parathyroid cell mass andfor function are partially corrected
(hyperphosphatemia and reduced 1,25-dihydroxyvitamin D
production), but the PTH level is not sufficiently suppressed
so that PTH levels may remain elevated. Although the PTH
levels per se may come down over time, and not be of clinical
concern unless they are above levels considered potentially
“unacceptable™ by specific guidelines, the major indication
for intervention to reduce the PTH level (surgically or medi-
cally) is sustained hypercalcemia. Hypercalcemia above
11.0 mg/dL that is consistent and sustained may lead to unac-
ceptable adverse consequences (vascular calcification or re-
duction in renal graft function) and is a widely accepted
indication for intervention. Other management strategies for
these patients include monitoring serum phosphorus, renal
function, and skeletal health by setial BMD and measure-
ments of bone-specific alkaline phosphatase. Although base-
line BMD, especially by dual-energy X-ray absorptiometry
(DXA), is a poor predictor for fractures in these severe
CKD patients, changes in BMD by DXA may provide valu-
able information when performed and interpreted correctly
(28,29). Although we need more longitudinal data to better
understand the natural biology and management of this grow-
ing population of postiransplant renal patients, we do have the
tools to measure the changes in PTH, calcium, phosphorus,
and bone to make adequate chimical decisions concerning
management based on growing data at this time.
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