
clinical practice

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 365;25  nejm.org  december 22, 2011 2389

This Journal feature begins with a case vignette highlighting a common clinical problem. 
Evidence supporting various strategies is then presented, followed by a review of formal guidelines,  

when they exist. The article ends with the authors’ clinical recommendations. 
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A 62-year-old woman is found on routine laboratory testing to have a serum calcium 
level of 10.8 mg per deciliter (2.7 mmol per liter) (normal range, 8.4 to 10.4 [2.1 to 2.7]). 
The serum intact parathyroid hormone (PTH) concentration is 70 pg per milliliter 
(normal range, 15 to 75). Her history is notable only for hypertension that is well con-
trolled with an angiotensin-receptor blocker; there is no history of kidney stones or 
fractures. Her family history is negative for hypercalcemia or endocrine tumors. Her 
24-hour urinary calcium and creatinine levels are 280 mg and 1050 mg, respectively, 
and the ratio of calcium to creatinine clearance is 0.025. Bone densitometry shows 
T scores at the lumbar spine of −1.8, at the total hip of −2.2, and at the distal third of 
the radius of −3.0. How should she be further evaluated and treated?

The Clinic a l Problem

Primary hyperparathyroidism is the most common cause of hypercalcemia and 
should be considered in any person with an elevated serum calcium level.1 In the 
1970s, the estimated prevalence of primary hyperparathyroidism ranged from 1 case 
per 1000 persons in the United States2 to 4.3 cases per 1000 persons in Sweden.3 In 
Sweden, there was an estimated prevalence of 2.1 cases per 100 women between the 
ages of 55 and 75 years in the early 1990s.4 Data from the Rochester Epidemiologi-
cal Project showed that the incidence of primary hyperparathyroidism increased 
sharply in the United States in July 1974, when the serum calcium level was in-
cluded in the standard chemistry panel; from 1993 to 2001, the estimated inci-
dence was approximately 22 cases per 100,000 persons per year.5 With increased 
detection by means of routine calcium screening, the clinical profile of primary 
hyperparathyroidism in Western countries has shifted from a symptomatic disease, 
characterized by hypercalcemic symptoms, nephrolithiasis, overt bone disease, and 
neuromuscular symptoms to one with subtle or no specific symptoms (“asymptom-
atic” primary hyperparathyroidism).6 In the developing world, the symptomatic 
variant still dominates.7,8

The incidence of primary hyperparathyroidism peaks in the seventh decade. 
Most cases occur in women (74%), but the incidence is similar in men and women 
before 45 years of age.5

Etiologic Factors

Head and neck irradiation in childhood9 and long-term lithium therapy10 are as-
sociated with a greater prevalence of primary hyperparathyroidism. Primary hyper-
parathyroidism, which is most often caused by a single adenoma (80 to 85%) or 
four-gland hyperplasia (10 to 15%),1 mainly occurs as a sporadic disease, but it may 
be part of a hereditary syndrome (e.g., multiple endocrine neoplasia types 1 and 2A) 
(Table 1).11

The New England Journal of Medicine 
Downloaded from nejm.org on June 30, 2012. For personal use only. No other uses without permission. 

 Copyright © 2011 Massachusetts Medical Society. All rights reserved. 



T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 365;25  nejm.org  december 22, 20112390

Clinical Presentation

Classic symptoms and signs of primary hyper-
parathyroidism are rare today, but nephrolithia-
sis still occurs in 4 to 15% of cases.12 Patients may 
have weakness, easy fatigability, anxiety, and 
cognitive impairment even when the level of se-
rum calcium is modestly increased.6 Associated 
insulin resistance, hyperglycemia, and dyslipid-
emia (decreased levels of high-density lipoprotein 
cholesterol and increased levels of total triglycer-
ides) have been reported, but it remains unclear 
how often these are attributable to the hyper-
parathyroidism and whether they are ameliorat-
ed by surgery.13-16 Hypertension is also common 
and, with sophisticated testing (which is not rou-
tinely performed), subtle cardiovascular changes 
(i.e., increased vascular stiffness and endothelial 
dysfunction) may be detected.6,17,18 Low bone 
mineral density, particularly at sites enriched in 
cortical bone (e.g., the distal third of the radius) 
is common.19 Cross-sectional studies show an 
increased rate of fractures among persons with 
primary hyperparathyroidism20; in one prospec-
tive study, the rate of morphometric (but not 
clinical) vertebral fracture was increased among 
asymptomatic postmenopausal women with pri-
mary hyperparathyroidism, as compared with 
age-matched controls.21

Normocalcemic primary hyperparathyroidism 
(increased PTH concentration in the absence of 
hypercalcemia) has been recognized,22 typically 
among persons evaluated for low bone mineral 
density (whose assessment may include measure-

ment of both calcium and PTH). This diagnosis 
should be made only after all causes of second-
ary hyperparathyroidism have been ruled out.

Natural History

The natural history of primary hyperparathyroid-
ism varies according to its severity. Symptomatic 
patients who do not undergo surgery usually 
have worsening disease (particularly recurrent 
nephrolithiasis).23,24 Conversely, long-term obser-
vational studies23-25 have shown stability up to 
8 years in biochemical measures (serum calcium, 
PTH, creatinine, and urinary calcium) and in bone 
mineral density in the majority of asymptomatic 
patients, whose serum calcium level is typically 
within 1 mg per deciliter (0.25 mmol per liter) 
above the upper normal range. However, about 
one third of patients have worsening of hypercal-
cemia, hypercalciuria, and decreases in bone min-
eral density at cortical sites, with progression 
more likely among those with the longest follow-
up24 and those who are younger at study entry.23 
Short-term follow-up (1 to 3 years) of asymptom-
atic patients with mild primary hyperparathy-
roidism has indicated stability of markers of 
bone turnover, lipid and glucose levels, and echo-
cardiographic indexes.26-28 The natural history of 
normocalcemic primary hyperparathyroidism is 
not known, but, in a longitudinal study with a 
mean follow-up of 3 years, hypercalcemia devel-
oped in 7 of 37 patients (19%).29

The risk of death from cardiovascular causes 
is increased among patients with moderate-to-

key Clinical points

evaluation and treatment of primary hyperparathyroidism

•	 ��Primary hyperparathyroidism is the most common cause of hypercalcemia, affecting at least 1 in 
1000 persons (more with increased age).

•	 ��Most patients with primary hyperparathyroidism are asymptomatic at diagnosis.

•	 ���An elevated or unexpectedly “normal” parathyroid hormone level simultaneous with an elevated  
albumin-adjusted calcium level generally is diagnostic of primary hyperparathyroidism.

•	 ���Neck imaging is not indicated for diagnosis, but it is useful for localization before planned parathy-
roidectomy.

•	 ���Parathyroidectomy should be recommended for patients with symptomatic primary hyperparathyroid-
ism and for patients with asymptomatic primary hyperparathyroidism who meet criteria established 
by international guidelines, as well as those for whom surveillance is not feasible.

•	 ���Surveillance (including measurement of calcium levels and bone mineral density) is an option for pa-
tients with asymptomatic primary hyperparathyroidism, but monitoring is needed because disease 
progression may occur.
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severe primary hyperparathyroidism1,17 and per-
sists long after successful parathyroidectomy, 
suggesting that there may be irreversible cardio-
vascular damage.17 Most17,30,31 but not all32 stud-
ies suggest that patients with asymptomatic pri-
mary hyperparathyroidism do not share this risk.

S tr ategies a nd E v idence

Evaluation

The finding of hypercalcemia on routine biochem-
ical testing or in the evaluation of postmeno-
pausal women with osteoporosis is typically the 
initial clue to the diagnosis of primary hyper-
parathyroidism.1,6 The total serum calcium level, 
which combines both the free and albumin-bound 
components of circulating calcium, should be 
adjusted for the level of albumin as follows: cor-
rected or adjusted total calcium = (measured total 
calcium in mg per deciliter) + [0.8 × (4.0 − patient’s 
serum albumin concentration in g per deciliter)]. 
Measurement of ionized calcium may be useful 
in selected cases, such as in patients with hyper-
albuminemia, thrombocytosis, Waldenström’s 
macroglobulinemia, and myeloma33; these pa-
tients may have elevated levels of total serum cal-
cium, but normal levels of ionized serum calcium 
(artifactual hypercalcemia).

Measurement of serum PTH is the next step in 
the evaluation of hypercalcemia. An elevated level 
of PTH (or a level that is in an unexpected 
“normal” range) simultaneous with an elevated 
calcium level generally indicates a diagnosis of 
primary hyperparathyroidism.1 However, these 

laboratory findings may also occur with lithium 
or thiazide use, tertiary hyperparathyroidism as-
sociated with end-stage renal failure, and famil-
ial hypocalciuric hypercalcemia, and a medical 
and family history should be obtained to assess 
these possibilities. The finding of a normal level 
of albumin-adjusted or ionized serum calcium 
and an elevated level of PTH in patients with no 
other causes of secondary hyperparathyroidism 
is consistent with normocalcemic primary hyper-
parathyroidism. A low or undetectable PTH level 
rules out primary hyperparathyroidism and raises 
the possibility of cancer-associated hypercalce-
mia,1,33 often mediated by PTH-related protein, 
which does not cross-react with the PTH assay. 
If the PTH level is elevated in a person with a 
known malignant condition, the most likely diag-
nosis is concomitant primary hyperparathyroid-
ism; ectopic production of PTH from a tumor is 
extremely rare.1

Once the diagnosis of primary hyperparathy-
roidism has been established, a familial form, 
accounting for about 5% of cases, should be 
considered. Young age (<30 years) at diagnosis; 
a family history of hypercalcemia, neuroendocrine 
tumors, or both; the presence of skin lesions 
associated with multiple endocrine neoplasia syn-
dromes (Table 1); or the presence of all these 
factors increases the likelihood of familial pri-
mary hyperparathyroidism; in such cases, the 
level of serum calcium should be measured in 
all first-degree relatives. A palpable neck mass 
(which is not expected in primary hyperpara-
thyroidism), markedly elevated levels of serum 

Table 1. Hereditary States of Hyperparathyroidism.

Disorder Responsible Gene Pathogenic Mechanism Associated Clinical Features

MEN type 1* MEN1, CDKN1B Loss-of-function mutation Pituitary and gastroenteropancreatic tumors; 
less frequently, adrenal tumor, facial angio
fibroma, collagenoma, and lipoma

MEN type 2A RET Gain-of-function mutation Medullary thyroid cancer, pheochromocytoma, 
cutaneous lichen amyloidosis

Hyperparathyroidism– 
jaw tumor syndrome

CDC73  
(formerly known  

as HRPT2)

Loss-of-function mutation Fibromas in the mandible or maxilla, renal 
and uterine tumors, increased rate of 
parathyroid carcinomas (15–20%)

Familial hypocalciuric 
hypercalcemia

CASR Loss-of-function mutation Rare pancreatitis, relative hypocalciuria (24-hr 
urinary calcium:creatinine ratio, <0.01)

Neonatal severe primary 
hyperparathyroidism

CASR Loss-of-function mutation Life-threatening condition with marked hyper-
calcemia, hypotonia, and respiratory distress

Familial isolated 
hyperparathyroidism

MEN1, CDC73,  
CASR, CDKN1B

Loss-of-function mutation Lack of the specific features of the other syn-
dromic forms

*	Multiple endocrine neoplasia (MEN) type 1, a syndrome associated with a CDKNB1 gene mutation, is also referred to as MEN type 4.11
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calcium (>14 mg per deciliter [3.5 mmol per 
liter]) and PTH (3 to 10 times the upper limit of 
normal), or both, especially in men, suggest the 
possibility of parathyroid carcinoma, although 
this is rare (<1% of cases of primary hyperpara-
thyroidism).34

Laboratory testing should include assessment 
of renal function (Table 2)35 and the level of serum 
25-hydroxyvitamin D. Levels of 25-hydroxyvitamin 
D below 50 nmol per liter (20 ng per milliliter) are 
common, probably because of its increased conver-
sion to 1,25-dihydroxyvitamin D and accelerated 
catabolism in patients with primary hyperpara-
thyroidism,36 and this may further aggravate the 
disease by increasing PTH secretion. The 24-hour 
urinary calcium and creatinine level should be 
measured to rule out familial hypocalciuric hyper-
calcemia; a calcium:creatinine clearance ratio 
below 0.01 suggests this diagnosis,37 and hyper-
calcemia in one or more first-degree relatives 
also supports it. Sequencing the calcium-sensing 
receptor gene, which is mutated in familial hypo-
calciuric hypercalcemia, may be helpful when 
family screening is inconclusive. In selected 
cases (e.g., in young patients with a family his-
tory of a syndrome-associated tumor), genetic 
testing may be warranted to determine the cause 
of primary hyperparathyroidism and the risk of 
other tumors.11

Renal ultrasonography is recommended if the 
history suggests nephrolithiasis, but it may also 
be considered in the absence of such a history to 
rule out kidney stones or nephrocalcinosis35 (the 

presence of which would alter management rec-
ommendations; see below). Renal ultrasono-
graphic evaluations have shown nephrolithiasis 
in 7% of patients with asymptomatic primary 
hyperparathyroidism.38 Bone mineral density 
should be measured at the lumbar spine, hip, and 
distal third of the forearm. PTH has a catabolic 
effect on cortical bone, and sites enriched in 
cortical bone are preferentially reduced.19 Indeed, 
most patients have a reduction of bone mineral 
density at the distal third of the forearm and 
relative preservation at the lumbar spine, with 
intermediate values at the hip; a small subgroup 
(15%) of patients may have vertebral osteopenia 
or osteoporosis.39 Plain-film radiography of the 
skeleton is not recommended, except in rare cases 
of severe disease in which osteitis fibrosa cystica 
is suspected.

Neck imaging is not indicated for diagnosis, 
but it is useful for disease localization before 
planned parathyroidectomy (Fig. 1).1 Sestamibi 
scanning and ultrasonography are used most 
commonly. The main advantage of sestamibi 
scanning is that it may localize ectopic parathy-
roid glands.

Treatment
Parathyroid Surgery
When intervention is indicated, the goal of treat-
ment is to cure the disease by removing the ab-
normal parathyroid tissue. Parathyroidectomy 
should be recommended in all patients with 
symptomatic primary hyperparathyroidism. Pa-

Table 2. Guidelines for the Treatment of Asymptomatic Primary Hyperparathyroidism.

Variable Criteria for Surgery* Surveillance without Surgery

Serum calcium level >1.0 mg/dl (0.25 mmol/liter) above upper limit  
of normal range

Annually

Creatinine clearance (calculated)† Reduced to <60 ml/min Annually

Bone mineral density T score less than −2.5 at any site,‡ previous 
fragility fracture, or both

Every 1–2 yr (three sites)

Age <50 yr Not applicable

*	Surgery should also be recommended for patients in whom surveillance is not feasible.
†	The estimated glomerular filtration rate (milliliters per minute per 1.73 m2 of body-surface area) should be calculated 

from the serum creatinine concentration, demographic characteristics (age, sex, and race or ethnic group), and other 
serum measurements (e.g., blood urea nitrogen and albumin concentrations) according to the following equation:  
170 × (serum creatinine in mg per deciliter)−0.999 × (blood urea nitrogen in mg per deciliter)−0.170 × (serum albumin in 
g per deciliter)0.318 × (age in years)−0.176 × (0.762 if patient is female) × (1.180 if patient is black). Equation is from Eastell 
et al.35

‡	Sites were the lumbar spine, total hip, femoral neck, and distal third of the radius. According to the International Society 
for Clinical Densitometry, z scores instead of T scores should be used in evaluating bone mineral density in premeno-
pausal women and men younger than 50 years of age.
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tients presenting with relatively mild hypercal-
cemia (serum calcium level <12 mg per deciliter 
[3 mmol per liter]) (the majority of patients with 
primary hyperparathyroidism) can proceed di-
rectly to surgery. In the rare patients with higher 
calcium levels, preoperative treatment is required 
with saline infusion, followed by loop diuretics, 
and intravenous bisphosphonates or calcimimet-

ics (cinacalcet) to reduce the serum calcium level 
and minimize the risk of complications associ-
ated with more severe hypercalcemia. These 
complications include hypovolemia, acid−base ab-
normalities, and cardiac-rhythm disturbances.

Parathyroidectomy should also be considered 
for some patients with asymptomatic primary 
hyperparathyroidism. According to the Third 

A B

DC

Figure 1. Parathyroid Imaging.

Panel A shows a longitudinal ultrasonographic image of the right thyroid lobe of the patient described in the vignette. 
An enlarged parathyroid gland appears homogeneously solid and markedly more hypoechoic than the adjacent thy-
roid tissue (arrow). Panel B shows a delayed-phase planar sestamibi scan indicating a marked uptake at the level of 
the right thyroid lobe, where the ultrasound localized the parathyroid lesion (arrow) in the patient described in the 
vignette. Panels C and D show a mediastinal parathyroid adenoma in a 65-year-old woman with primary hyperpara-
thyroidism. In Panel C, a delayed-phase sestamibi scan shows a marked uptake at the level of the middle mediasti-
num (arrow). In Panel D, a magnetic resonance imaging scan (T

1
-weighted image) of the chest shows a lesion in the 

aortopulmonary window (arrow). The patient underwent a sternotomy, and a parathyroid adenoma was excised.
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International Workshop on the Management of 
Asymptomatic Primary Hyperparathyroidism, sur-
gery is recommended for patients meeting any 
of the criteria for surgery listed in Table 2, as 
well as those for whom surveillance is not fea-
sible.40 However, these are guidelines, not rules, 
and decisions should take into account patient 
preferences, the presence of coexisting condi-
tions, and the expertise of available surgeons.

In experienced hands, parathyroidectomy is 
associated with a cure rate of 95 to 98% and a 
low rate (1 to 3%) of complications (laryngeal-
nerve palsy and, less frequently, postoperative 
hypocalcemia). As compared with open proce-
dures, minimally invasive approaches are associ-
ated with a shorter operating time, a more rapid 
postoperative recovery, and lower complication 
rates.41,42 Minimally invasive surgery is increas-
ingly used, although it is generally not performed 
in patients with a large goiter or previous neck 
surgery. Intraoperative PTH monitoring may be 
helpful; a decrease of 50% or more in the PTH 
level 10 minutes after adenoma resection, as 
compared with the highest value before excision, 
suggests that all hyperfunctioning parathyroid 
tissue has been removed.43 Histologic analysis 
usually shows a single, benign, chief-cell adeno-
ma. When histologic findings are equivocal, 
molecular studies may help to identify parathy-
roid cancer.34 Recurrence is rare in sporadic pri-
mary hyperparathyroidism, but the risk is higher 
in familial cases, unless total parathyroidectomy 
is performed. Successful surgery is followed by a 
prompt normalization of the PTH level and se-
rum and urinary calcium levels and gradual in-
creases in bone mineral density (up to 10%), 
mostly during the first few postoperative years 
at the lumbar spine and hip, and later at the 
distal radius.24 Recurrence of nephrolithiasis is 
rare.44 Hypertension generally persists after suc-
cessful parathyroidectomy.17 Randomized trials 
showing short-term outcomes (1 to 3 years) sug-
gest that surgery, as compared with surveillance, 
also may be of benefit for bone mineral density 
and quality of life in patients who do not meet 
the criteria for surgery.26-28

Surveillance

For patients who do not undergo parathyroidec-
tomy, annual monitoring of serum calcium and 
creatinine levels and assessment of bone mineral 
density every 1 or 2 years is recommended (Table 
2),40 although data are lacking to inform appropri-

ate testing strategies and frequencies of follow-up. 
Maintenance of adequate levels of 25-hydroxyvita-
min D (>50 nmol per liter [20 ng per milliliter]) 
and an adequate dietary calcium intake are rec-
ommended, since low vitamin D levels and low 
calcium intake may exacerbate parathyroid over-
activity.45

Medical Therapy

At present, there is no definitive medical therapy 
for primary hyperparathyroidism. However, treat-
ment options are available and should be consid-
ered in patients who are not eligible for or are 
unwilling to undergo parathyroidectomy but in 
whom there is an indication to reduce the level of 
serum calcium, increase the bone mineral den-
sity, or both.

Placebo-controlled trials have shown improve-
ment in bone mineral density in postmenopausal 
women with primary hyperparathyroidism and 
mild hypercalcemia who are treated with antire-
sorptive therapy. In one trial, estrogen therapy 
(conjugated estrogen at a dose of 0.625 mg plus 
medroxypro-gesterone at a dose of 5 mg daily 
for 2 years) increased bone mineral density at 
the femoral neck and lumbar spine46; however, 
long-term estrogen use is no longer recom-
mended, given the associated cardiovascular and 
breast-cancer risks. In another study involving 
patients with mild disease, the bisphosphonate 
alendronate (at a dose of 10 mg daily for 2 years) 
reduced bone-turnover markers and increased 
bone mineral density at the lumbar spine and 
hip, but not at the distal radius47; levels of serum 
calcium and PTH did not change significantly. 
No long-term data on the efficacy and safety of 
antiresorptive therapy in primary hyperparathy-
roidism are available.

For patients in whom bone mineral density is 
not low, but in whom the serum calcium level is 
more than 1 mg per deciliter above the normal 
range, cinacalcet may be considered. Cinacalcet 
is approved in Europe and the United States for 
the treatment of moderate-to-severe hypercalce-
mia in patients with primary hyperparathyroid-
ism who are unable to undergo parathyroidec-
tomy. It has been shown to decrease serum 
calcium levels across a broad range of severity 
in primary hyperparathyroidism.48-50 In clinical 
studies, normocalcemia was achieved in 70 to 
100% of patients with asymptomatic primary 
hyperparathyroidism48,49 and in 28 to 68% of 
those with more severe disease.50 However, PTH 
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levels decreased only modestly and generally re-
mained elevated. In an uncontrolled study involv-
ing treatment for up to 5.5 years, bone mineral 
density did not change significantly at any site.48 
Cinacalcet is generally initiated at a dose of 30 mg 
once or twice daily, and the dose is adjusted ac-
cording to the serum calcium level, with median 
doses of 60 mg daily in patients with asymptom-
atic primary hyperparathyroidism48,49 and 120 mg 
daily in patients with more severe primary hyper-
parathyroidism.50 Once normocalcemia is achieved 
or the maximum tolerated dose is reached, the 
serum calcium level should be monitored every 
2 to 3 months. Adverse events are generally mild 
or moderate. The most common events are head-
ache and gastrointestinal symptoms; the rare 
event of hypocalcemia is managed by withdraw-
ing medication for a few days and restarting at 
a lower dose.

A r e a s of Uncerta in t y

Long-term data from randomized trials are lack-
ing to compare outcomes of parathyroidectomy 
with conservative (nonsurgical) management in 
patients with asymptomatic primary hyperpara-
thyroidism. The frequency and clinical signifi-
cance of subtle cardiovascular and neurocogni-
tive abnormalities in patients with otherwise 
asymptomatic primary hyperparathyroidism and 
the effects of parathyroidectomy on these mani-
festations warrant further study.

Longitudinal data are needed to better define 
the incidence of fractures in primary hyperpara-
thyroidism before and after successful parathy-
roidectomy, to inform the natural history of nor-
mocalcemic primary hyperparathyroidism, and 
to assess the safety of the prolonged use of cina-
calcet. It is uncertain whether a T score of −2.5 
is the appropriate bone-mineral-density criterion 
for surgery in primary hyperparathyroidism. 
Moreover, the appropriate level of 25-hydroxyvi-
tamin D in patients with primary hyperparathy-
roidism followed without parathyroidectomy and 
the effects of vitamin D supplementation on 
disease progression remain uncertain.

Guidelines

There are no formal guidelines from professional 
societies for the management of primary hyper-
parathyroidism. Updated international guide-
lines for the management of asymptomatic pri-
mary hyperparathyroidism were published in 
2009.40 The recommendations in this article are 
generally concordant with these guidelines.

Conclusions a nd 
R ecommendations

The woman described in the vignette has asymp-
tomatic primary hyperparathyroidism associated 
with a bone mineral density T score of less than 
−2.5 at the distal third of the radius. Further eval-
uation should include assessment of the level of 
25-hydroxyvitamin D and creatinine clearance. 
The ratio of urinary calcium to creatinine clear-
ance is not in the range suggestive of familial 
hypocalciuric hypercalcemia (<0.01), and the 
family history does not suggest a familial form 
of primary hyperparathyroidism. Given the pa-
tient’s bone mineral density T score, we would 
recommend parathyroidectomy, performed by 
means of a minimally invasive approach if avail-
able, if preoperative imaging studies localize the 
abnormal parathyroid gland or glands. If the pa-
tient declines surgery, we would advise adequate 
calcium intake (as for patients without primary 
hyperparathyroidism)40 and vitamin D supple-
mentation if serum levels of 25-hydroxyvitamin 
D are less than 20 ng per milliliter. To assess 
disease stability, serum calcium and creatinine 
levels should be followed yearly, and bone min-
eral density should be tested every 18 to 24 
months, and we would strongly recommend 
parathyroidectomy if evidence of disease pro-
gression is detected.
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