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Short Running Title: Normocalcemic primary hyperparathyroidism

 

Summary

Normocalcemic primary hyperparathyroidism likely represents a condition that may evolve into its 

hypercalcemic counterpart and recent studies have shown that patients can present with intermittent hypercalcemia. This 

milder biochemical entity remains an incompletely understood condition because of a lack of long-term health outcomes 

regarding both medical and surgical approaches to its management. Medical therapies have shown some efficacy. A 

limited number of studies have found that bisphosphonates increase bone mineral density and calcimimetics may decrease A
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the risk of nephrolithiasis in patients with normocalcemic primary hyperparathyroidism. Other studies have described 

patient outcomes after applying the same surgical criteria used for patients with hypercalcemic primary 

hyperparathyroidism to those with the normocalcemic form of the disease. These few studies suggest that parathyroid 

surgery appears to be effective in normalizing elevated serum PTH concentrations and decreasing adverse renal and 

skeletal outcomes in patients with normocalcemic hyperparathyroidism. Given the available data and overall lack of 

consensus regarding the optimal management of these patients, a reasonable approach is to tailor management to the 

individual patient by considering their risk factors for new or accelerated bone loss, kidney stones, diminished quality of 

life, and cardiovascular disease.

 

MeSH Key Words: Hyperparathyroidism; Hyperparathyroidism, primary; Calcium-regulating hormones and agents; 

Parathyroid hormone; Osteoporosis; Bone diseases, metabolic; Nephrolithiasis

 

Background

 

Classic (hypercalcemic) primary hyperparathyroidism is a well-characterized disease with an estimated 

prevalence of 0.23% among women and 0.085% among men.1 The related biochemical condition of normocalcemic 

primary hyperparathyroidism has not been as extensively studied, but is thought to range in prevalence from 0.4-6% in 

asymptomatic patients.2-4 The wide variation in supposed prevalence rates can be attributed to selective cohorts of post-

menopausal women and older patients, absence of ionized calcium measurements, inclusion of patients with 

hypercalciuria, and varied threshold values for eGFR, vitamin D, calcium, and PTH. Rosario et al. accounted for these 

areas of potential error and found the prevalence of normocalcemic primary hyperparathyroidism amongst patients 

without nephrolithiasis or fractures to be .74% in an adult population.5 

Among patients with skeletal or renal disease (i.e. osteoporosis, fragility fractures, or renal calculi), 

normocalcemic primary hyperparathyroidism appears to be more prevalent (8.9%) than hypercalcemic primary 

hyperparathyroidism.7 A recent study from a metabolic bone referral center challenged these figures by uncovering a 

much lower prevalence of normocalcemic primary hyperparathyroidism of 0.18% (n=6,320).8 The purpose of this review 

is to expand previous discussions of the pathophysiology, diagnostic challenges, clinical sequelae, and management 

strategies in patients with normocalcemic primary hyperparathyroidism9-11

 

Pathophysiology

        A common hypothesis describes normocalcemic primary hyperparathyroidism as an early, “subclinical” 

manifestation of its more widely described counterpart, hypercalcemic primary hyperparathyroidism. The latter is a 

disease characterized by elevated serum calcium levels with concurrently elevated or inappropriate normal parathyroid 

hormone (PTH) levels. The normocalcemic form of the disease is characterized by elevated PTH levels in the setting of A
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normal serum calcium concentrations, although hypercalcemia may develop in a subset of individuals over time.12-14 One 

risk factor for progression to hypercalcemia is the degree of calcium elevation within the normal range. A longitudinal 

cohort study of 37 individuals followed for a median of three years reported that those with baseline calcium levels at the 

upper limit of normal were more likely to develop overt hypercalcemia over time.13 In this study, however, hypercalcemia 

was determined by elevated total serum calcium, rather than the preferred method of using ionized calcium in conjunction 

with total adjusted calcium as discussed below.

A second hypothesis posits that PTH action in normocalcemic primary hyperparathyroidism has an attenuated ability to 

increase the serum calcium level because of skeletal and renal tissue resistance to the hormone.6 In a cohort of 178 

hyperparathyroid patients in France, investigators observed substantial overlap of PTH concentrations between the 

normocalcemic and hypercalcemic groups. When compared to the hypercalcemic group, those with normocalcemia 

exhibited reduced renal tubular calcium reabsorption, markers of bone turnover, 1,25-dihydroxyvitamin D levels.6 These 

findings suggest that the normocalcemia may be attributed to a blunted target-tissue response to PTH. Thus, do elevated 

PTH levels in the presence of end-organ tissue resistance truly represent a pathologic condition, or is this merely a variant 

of calcium homeostasis at a higher PTH set point?

Diagnosis

The diagnosis of normocalcemic primary hyperparathyroidism relies on a biochemical profile of concurrently 

elevated serum PTH and normal serum calcium concentrations, both of which hinge on several assay-related and 

additional factors. Evaluation further requires the exclusion of secondary hyperparathyroidism.

 

a. Parathyroid Hormone

The first PTH immunoassay was developed in the 1960s and 1970s. It indiscriminately detected both intact PTH 

(iPTH, the full amino acid sequence 1-84) and smaller C-PTH fragments on the peptide. This poses an issue as these 

fragments can be produced by chronic hypercalcemia; thus, they cannot effectively distinguish between 

hyperparathyroidism and nonparathyroid hypercalcemia.15 Second- and third- generation assays have since replaced the 

first-generation assays  and now remain the preferred methods of PTH testing. Second-generation assays employ two-site 

specificity that recognizes PTH fragments near their termini in order to capture intact PTH (1-48). However, they have 

also been shown to cross-react with large PTH fragments (most notably, PTH (7-48)). Third-generation assays achieve 

specificity by using a labeled antibody that detects whole, “bioactive” PTH (1-84) peptides, without noticeably cross-

reacting with PTH (7-48). However, the third-generation assay has been shown to detect a post-translation modified form 

of PTH that can be overproduced in parathyroid carcinoma or severe hyperparathyroidism (N-PTH). 15 Few studies have 

been done to compare the diagnostic sensitivities of second- and third- generation assays.16-19 Using these analyses, the 

Fourth International Workshop described these two assays as equivalently useful modalities for diagnosis of PHPT. 
20Despite these new developments, the inter-method variability between different commercially-available PTH assays 

poses another threat to consistent PTH measurements. Assays vary by antibody affinities and specificities across A
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manufacturers.21 This highlights the importance of appropriate reference ranges for each assay in order to determine PTH 

elevation. 

b. Calcium

Serum calcium can be assessed as either total or ionized concentrations. The use of serum ionized calcium in 

conjunction with total adjusted calcium is favored over total serum calcium alone in diagnostically ambiguous cases 

because ionized levels are more frequently elevated than total serum calcium levels in patients with primary 

hyperparathyroidism.  A study showed that 27 of 144 patients with elevated ionized serum calcium were found to have 

total calcium values within the normal range.6 In light of this discrepancy, the Fourth International Workshop Guidelines 

for the Management of Primary Hyperparathyroidism advises clinicians to assess both ionized serum calcium and 

albumin-adjusted total serum calcium to confirm the diagnosis of normocalcemic primary hyperparathyroidism; however, 

the report acknowledges the limitations of measuring ionized calcium using blood gas machines  in outpatient clinics.20 

Other limitations of using ionized calcium include the need for immediate handling, the lack of good quality control, and 

frequent electrode dysfunction.22 

Serum calcium must also be measured at least twice within a six-month period in order to distinguish true 

normocalcemic disease from hypercalcemic primary hyperparathyroidism.2,9 Furthermore , albumin assessment must 

accompany total serum calcium measurements to correct for calcium levels obscured by hypo- or hyperalbuminemia. 

c. Exclusion Criteria (Secondary Hyperparathyroidism, Calcium Malabsorption, Medications):

Integral to diagnosis of primary hyperparathyroidism (whether normocalcemic or hypercalcemic) is the exclusion 

of secondary hyperparathyroidism, which is commonly seen with vitamin D deficiency. The regulatory pattern of 

increased PTH response with insufficient serum 25-OHD levels is well understood. In the absence of primary 

hyperparathyroidism, elevated serum PTH concentrations should be physiologically suppressible after three months of 

vitamin D repletion, although specific dose recommendations of vitamin D vary by race.23 A diagnosis of primary 

hyperthyroidism can be made with greater certainty only if serum 25-OHD levels are consistently replete; the U.S Institute 

of Medicine advises a serum 25-OHD level ≥50 nmol/L.24  However, Rosario et al. assessed preoperative Vitamin D 

levels in patients with normocalcemic PHPT and found that Vit D>75 nmol/L more appropriately predicted altered 

parathyroid pathology. Importantly, however, the surgeons were aware of the biochemical profiles of the subjects and 

determined if parathyroid morphology was abnormal by macroscopic appearance alone--resection and histologic analysis 

were only conducted for grossly enlarged glands.5 

Renal insufficiency is another known cause of elevated PTH levels (resulting in secondary hyperparathyroidism) 

and thus may confound the diagnosis of normocalcemic primary hyperparathyroidism. The Kidney Disease Outcomes 

Quality Initiative (KDOQI) and Kidney Disease Improving Global Outcomes (KDIGO) guidelines describe that serum 

PTH elevation tends to occur with estimated glomerular filtration rates (eGFR) <60 mL/min/1.73m2.5,25,26 
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The diagnosis of primary hyperparathyroidism requires exclusion of some additional renal and gastrointestinal 

conditions, as well as use of medications that may alter serum PTH and/or calcium levels. Calcium deficiency resulting 

from a malabsorptive disorder (i.e. celiac disease, cystic fibrosis, biliopancreatic diversion complications) may raise PTH 

levels. 27-30 Some studies have also shown that idiopathic hypercalciuria is associated with parathyroid hyperactivity and 

should therefore be excluded.31,32 Medications such as loop diuretics, lithium, bisphosphonates, denosumab, and 

antiepileptic medications are known to increase serum PTH levels, and their use should similarly be investigated as 

confounding factors.15,33,34

Clinical Features

Hypercalcemic primary hyperparathyroidism is traditionally understood to present either asymptomatically or 

with renal and/or skeletal complications. Some authors have proposed cardiovascular and neurocognitive complications of 

the disease as well. However, most of the available data on this condition come from referral cohorts, rather than 

unselected individuals from the general population. The central question here is, why would the PTH level be checked in a 

patient who has a normal serum calcium level? The frequent answer is because the managing physician is motivated to 

confirm or exclude a specific diagnosis that they suspect clinically. For example, PTH is commonly checked in the 

diagnosis of osteoporosis, to assess for secondary causes of bone loss. This unavoidable ascertainment process biases the 

entire sample of patients with normocalcemic primary hyperparathyroidism away from an unselected population.  For this 

reason, an unanswered question is whether normocalcemic primary hyperparathyroidism can be compared in its natural 

history and clinical presentation to its hypercalcemic counterpart, which is often discovered through biochemical 

screening of unselected individuals.

        In patients with hypercalcemic primary hyperparathyroidism, nephrolithiasis has largely been attributed to 

hypercalciuria resulting from elevated serum calcium concentrations. So, how might hypercalciuria exist in the context of 

normocalcemia? It may be the case that both exist but without any relation to one another. The high baseline prevalence of 

nephrolithiasis (10.6% in men and 7.1% in women) makes this possibility all the more compelling.35 If, however, an 

association does exist, the mechanism of kidney stone formation in individuals with normocalcemic primary 

hyperparathyroidism is poorly understood. One possible cause for this phenomenon could be PTH resistance at the level 

of the renal tubule. Another explanation attributes a higher risk of kidney stone formation to several polymorphisms of the 

calcium-sensing receptor (CASR) gene.36

In a cohort of 37 individuals with normocalcemic primary hyperparathyroidism, 14% of patients presented with 

nephrolithiasis, in contrast to a higher rate (35%) in another study (n=34).6,13 A much larger cohort of 137 patients with 

normocalcemic primary hyperparathyroidism showed a prevalence of only 4%.12 Thus, the degree to which 

normocalcemic primary hyperparathyroidism correlates with nephrolithiasis is too diversely reported to point to a clear 

association between the two conditions.7,12,37,38

Similarly, patients with normocalcemic primary hyperparathyroidism show a wide range of adverse bone health 

outcomes. The aforementioned study of 37 primarily peri-menopausal and post-menopausal women reported that 57% of A
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the cohort had osteoporosis and 11% had fragility fractures.13 Bone mineral density (BMD) assessment showed 

preferential bone loss at the lumbar spine (34%) and hip (38%), and less commonly at the distal radius (28%).13 In a 

surgical cohort of 63 patients (88.7% women, median age 67 year [IQR 62-72]), 51% were found to have osteopenia and 

41% showed osteoporosis.39 Both of these studies, however, were made up of peri- or post-menopausal women who have 

the greatest propensity for development of osteopenia/osteoporosis independent of calcium and parathyroid status. 

In summary, the literature reports great variation in the prevalence of renal and skeletal complications of 

normocalcemic primary hyperparathyroidism, due in part to the selection bias inherent in referral populations.3 The factors 

that predispose specific patients with normocalcemic primary hyperparathyroidism to develop nephrolithiasis, 

osteopenia/osteoporosis, and fragility fractures remain unclear.37,38,40

Renal and skeletal disease are the complications most traditionally associated with primary hyperparathyroidism. 

However, normocalcemic primary hyperparathyroidism may also increase cardiovascular risk. This may be due to the 

physiologic effects of PTH and/or calcium on the cardiomyocyte, cardiac conduction system, and endothelial cells.41 Some 

studies suggest that hypercalcemic primary hyperparathyroidism is associated with cardiovascular-related morbidity and 

mortality.42 However, a recent study compared the two variants and found that a cohort of patients with normocalcemic 

primary hyperparathyroidism had more prominent coronary artery calcification than those with the hypercalcemic form of 

the disease,43 although other data suggest the lack of an association.44  Beysel et al. conducted a small case-control study 

(n=95) that challenges these findings: patients with normocalcemic and age- and sex- matched hypercalcemic PHPT were 

found to have similarly elevated blood pressure, glucose, insulin, HOMA-IR (homeostatic model assessment of insulin 

resistance), lipid profiles, and cardiovascular risk scores (p>.05) when compared with controls (p<.05).45 Because the 

normocalcemic group was made up of only 35 patients, it is unclear how generalizable these findings are to all patients 

with normocalcemic hyperparathyroidism. Thus, it appears that patients with hyperparathyroidism may have worse 

cardiovascular outcomes, however, it remains uncertain whether the pathophysiology is related to serum calcium elevation 

or not.  

Management

The appropriate management of normocalcemic primary hyperparathyroidism is difficult to discern, as the long-

term outcomes of therapeutic options have not been sufficiently studied. The Fourth International Workshop Guidelines 

for the Management of Asymptomatic Primary Hyperparathyroidism recommends monitoring the disease process (with 

both biochemical and clinical measures) and does not recommend performing parathyroid surgery until specific criteria 

are met or the disease cannot be medically managed.20 In this model, it is recommended to assess serum calcium, 

phosphate, alkaline phosphatase, 25-OH vitamin D, creatinine, BUN, and PTH concentrations annually, and to perform a 

bone density (DXA) scan every 1-2 years. The guidelines suggest that the surgical criteria for patients with hypercalcemic 

primary hyperparathyroidism ought to be extended to those with the normocalcemic variant of the condition. These 

criteria advise that patients who develop kidney stones, nephrocalcinosis, fracture, or reductions in BMD would benefit 
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from treatment by parathyroidectomy. The observed biochemical and clinical outcomes of medical versus surgical 

management of normocalcemic primary hyperparathyroidism are discussed below.

 

Medical Treatment of Normocalcemic Primary Hyperparathyroidism

Very few studies have evaluated the benefit of medical therapy in this population. These reports and case series 

suggest that alendronate and cinacalcet may be useful in improving bone health and decreasing nephrolithiasis risk (Table 

1), but they are limited by their very small sample sizes. The effects of medical therapies on cardiovascular and 

neurocognitive symptoms associated with normocalcemic primary hyperparathyroidism are unknown.

 

a. Bone Mineral Density

In a prospective, open-label, randomized clinical trial of 30 post-menopausal women with normocalcemic 

primary hyperparathyroidism, 15 received alendronate with concurrent vitamin D supplementation (treatment group), and 

15 received vitamin D alone (control group).46 After 12 months, those who had received the combination of alendronate 

and vitamin D showed improvements in BMD at the lumbar spine (+4.7%), femoral neck (+2.6%), and total femur 

(+4.0%), compared to the control group. This small study suggests a potential benefit of bisphosphonates in 

normocalcemic primary hyperparathyroidism, but larger scale studies are required. Furthermore, alendronate is a widely 

used treatment for decreased bone mineral density and is expected to improve osteoporosis independent of etiology. Thus, 

it is unlikely that these findings are specific to normocalcemic primary hyperparathyroidism. 

The effect of cinacalcet on bone health has not been studied in patients with normocalcemic primary 

hyperparathyroidism. However, because cinacalcet has not been shown to increase BMD in patients with hypercalcemic 

primary hyperparathyroidism, it is not expected to benefit patients with normocalcemic primary hyperparathyroidism.47,48

 

b. Nephrolithiasis

Similarly, it is unclear if patients with normocalcemic primary hyperparathyroidism benefit from medical 

treatment of nephrolithiasis.  One Italian report of six adults with normocalcemic primary hyperparathyroidism reported a 

reduction in the diameter and quantity of kidney stones after 10 months of cinacalcet use.49

 

Parathyroid Surgery in Normocalcemic Primary Hyperparathyroidism

        The surgical management of normocalcemic primary hyperparathyroidism has been better studied than the 

medical management of this condition (Table 2). In general, these case series reported improvements in bone mineral 

density, nephrolithiasis, cardiovascular risk factors, and quality of life.

However, parathyroidectomy performed in patients with normocalcemic primary hyperparathyroidism is 

associated with lower long-term cure rates when compared to surgical treatment of the hypercalcemic form. This may be 

due to an increased frequency of multiglandular disease observed in patients with normocalcemic primary 

hyperparathyroidism.50 Multiglandular disease requires four-gland exploration, which may be a more challenging A
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operation. Surgical intervention is similarly complex in cases of single parathyroid adenomas because patients with 

normocalcemic primary hyperparathyroidism have been shown to have smaller lesions than those with the hypercalcemic 

disease variant.51-53 These features may contribute to the lower sensitivity of preoperative imaging in patients with 

normocalcemic PHPT compared to hypercalcemic PHPT.40,54-56 A study by Bezerra et. al supported these previous 

findings and also compared the sensitivity of three preoperative imaging modalities (4DCT, CT-99-Sestamibi 

scintigraphy, and ultrasonography) in patients with normocalcemic primary hyperparathyroidism. 4DCT was found to 

have the greatest sensitivity (55.6%, CI 23.1-88), when compared to scintigraphy (11.1%, CI 0-31.6) and ultrasonography 

(22%, CI 0-44.9%).57 Thus, parathyroid surgery appears to be performed less commonly in cases of normocalcemic 

primary hyperparathyroidism, compared to the hypercalcemic form, due to the more complex morphology, technical 

challenges of surgery, poor sensitivity of preoperative imaging, and the lack of a clear and sustained benefit over medical 

management.58

 

a. Normalization of Serum PTH Concentrations

In studies of mostly hypercalcemic primary hyperparathyroidism, resection of an identified parathyroid adenoma 

results in decreased, and in most cases, normalized serum PTH concentrations.13,39,40,53,55,59  Several studies have shown 

similarly beneficial results among those with the normocalcemic form of the disease.  Lim. et al reported that of 96 

patients with normocalcemic primary hyperparathyroidism, serum PTH levels normalized in 86.5% of patients in the 

immediate postoperative period, which further improved to 94% at 12 months.55 Another study showed that in 8 patients 

with normocalcemic primary hyperparathyroidism who underwent parathyroidectomy, 6 achieved normal serum PTH 

levels during a mean follow-up period of 73 months.59 Other studies have shown slightly less effective results. One report 

of 75 patients with normocalcemic primary hyperparathyroidism demonstrated that only 53.5% were able to achieve 

normal serum PTH levels after parathyroid surgery, although authors noted a relatively high prevalence of multiglandular 

disease and smaller parathyroid glands in this cohort.39 Another study of 121 patients showed that those with the 

normocalcemic variant were less likely to have normal PTH levels six months after surgery compared to those with 

hypercalcemic primary hyperparathyroidism (7% vs 55%).60 While these studies are still relatively small and 

heterogeneous, parathyroid surgery was shown to correct PTH elevations in those with normocalcemic primary 

hyperparathyroidism in 45-94% of cases.

 

b. Bone Mineral Density

After parathyroidectomy, BMD tends to improve in patients with normocalcemic primary hyperparathyroidism. 

One study of 39 individuals showed BMD improvements both at the spine (2.3±5.0%; P=0.016) and femoral neck 

(1.9%±5.7; P=0.048), but no change at the distal radius, one year following the operation.52 In another cohort (n=23), Sho 

et al. demonstrated that patients whose serum PTH concentrations normalized after surgery had an associated mean BMD 

increase of 5.6% (from 0.706±0.036 g/cm2 to 0.745±0.037 g/cm2; P=0.006) at the site of lowest preoperative T-score by 

DXA (spine, femoral neck, or hip).39A
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c. Nephrolithiasis

Whether parathyroidectomy improves renal outcomes in patients with normocalcemic primary 

hyperparathyroidism remains much less understood. Traini et al. followed a small cohort of patients (n=10) and found that 

40% of patients with preexisting nephrolithiasis no longer had stones after parathyroid surgery.59 Another study of 48 

patients with normocalcemic primary hyperparathyroidism demonstrated an 80% cure rate in nephrolithiasis following 

removal of parathyroid adenomas and hyperplastic glands.61

 

d. Cardiovascular Health

Cardiovascular dysfunction is a proposed manifestation of primary hyperparathyroidism. Literature pertaining to 

cardiovascular risk in this population is very limited. Therefore, the 2014 guidelines do not advise parathyroid surgery for 

the sole purpose of improving cardiovascular outcomes.20 Pertinent to this discussion, however, is a study by Beysel et al. 

that evaluated the association of parathyroidectomy and cardiovascular risk factors in patients with normocalcemic 

primary hyperparathyroidism. The study observed improvements in blood pressure, serum total cholesterol levels, insulin 

resistance, and Framingham cardiovascular risk scores following parathyroidectomy in 35 patients with the 

normocalcemic disease.45

 

e. Quality of Life (QoL)

In addition to renal and skeletal complications, primary hyperparathyroidism is associated with a variety of 

potential neurocognitive and nonspecific physical symptoms (abdominal complaints, musculoskeletal pain, depression, 

and anxiety). In a prospective, multicenter study of four French academic medical centers, parathyroid surgery was 

associated with a greater improvement in physical QoL outcomes (but less so in mental health-associated QoL) among 

patients with the normocalcemic variant compared to those with hypercalcemic primary hyperparathyroidism.62

 

Summary

Normocalcemic primary hyperparathyroidism is defined by elevated serum PTH levels, normal albumin-adjusted 

total and ionized calcium, and exclusion of secondary causes of hyperparathyroidism. From the limited available literature 

on the topic, this condition is believed by some to represent the first phase of hypercalcemic primary hyperparathyroidism, 

given their overlapping adverse clinical outcomes (nephrolithiasis, bone loss, cardiovascular disease, and impaired quality 

of life). However, the clinical benefits of medical and surgical interventions in patients with normocalcemic primary 

hyperparathyroidism remain poorly understood. The available literature suggests that bisphosphonates, calcimimetics 

(cinacalcet) and parathyroid surgery may be effective in ameliorating some complications of normocalcemic primary 

hyperparathyroidism, but the condition requires further large-scale study with extended follow up. Subject inclusion 

methods for future studies should be carefully crafted to minimize the effects of selection bias.
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Table 1. Biochemical and clinical outcomes following medical therapy of patients with normocalcemic primary 

hyperparathyroidism.

 

 

BIOCHEMICAL OUTCOMES CLINICAL OUTCOMESSTUDY N TREATMEN

T

BASELINE 

(INCLUSION 

CRITERIA) SERUM 

CALCIUM

SERUM PTH BMD NEPHROLITHIASIS

Cesareo 

(2015)

15 Alendronate 

for 12 months

Total calcium 

<2.6 mmol/L

PTH >6.9 

pmol/L

Vit D>75nmol/L

2.3±0.1  

mmol/L

11.7±1.4 pmol/L Lumbar (+4.7%)

Femoral neck 

(+2.6%)

Total femur 

(+4.0%)

Brardi 

(2015)

6 Cinacalcet for 

10 months

Total calcium 

2.1-2.6 mmol/L 

PTH >8.4 

pmol/L

eGFR 

>50ml/min

Vit D >50 

nmol/L

2.16±0.12 

mmol/L

7.3 pmol/L Reduced size and 

number (from 3+/-2.5 

stones at enrollment to 

2.3+/-2.8 at end of 

study period)
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Table 2. Biochemical and clinical outcomes following parathyroid surgery in patients with normocalcemic primary 

hyperparathyroidism.

POST-SURGICAL

BIOCHEMICAL OUTCOMES

POST-SURGICAL

CLINICAL OUTCOMES

STUDY N % MULTI-

GLAND 

DISEASE

BASELINE 

(INCLUSIO

N 

CRITERIA) SERUM 

CALCIUM

SERUM

PTH

OSTEOPENIA/

OSTEOPOROSIS 

(BMD)

NEPHROLITHIASIS

Grimeliu

s (1976), 

Johansso

n (1975)

84 49% (95% 

hyperplasia,

5% double 

adenoma)

Total calcium 

2.2-2.6 

mmol/L

Uniform 

decrease

100% cured 

(parathyroid 

adenomas),

74% cured (parathyroid 

hyperplasia),

54% cured (“normal”)

Wade 

(2012)

58* 14% Total calcium

2.12-2.62 

mmol/L 

(N=58), 

ionized 

calcium 1.19-

1.33 mmol/L 

(N=8),

PTH 

>7.6 pmol/L

Median total Ca:

2.4 mmol/L, 

range 2.15-2.69 

mmol/L

(N=7)

Median PTH: 

.0668 pmol/L, 

 (N=6)

Rejnmar

k (2013) 
63

24 8%** Total calcium 

2.22-2.55 

(and 2.25-

2.54***) 

mmol/L, 

ionized 

calcium

1.18-1.32 

mmol/L,

PTH >5 A
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pmol/L

Koumaki

s (2013)

39 28% Total calcium 

≤2.6 mmol/L, 

ionized 

calcium ≤1.30 

mmol/L,

PTH >4.88 

pmol/L

eGFR 

>40mL/min,

Vit D

>50 nmol/L

Total calcium 

2.32±0.08 

mmol/L, ionized 

calcium 

1.23±0.03 

mmol/L

Normal in all pts 

evaluated at 3 

month follow-up 

(n=8)

Spine: +2.3± 

5.0%,

Femoral neck: 

+1.9±5.7%,

Distal radius: no 

significant change

Lim 

(2017)

96 45% Normal in 95 pts 

at 6 months

Normal in 90 pts 

at 6 months

Sho 

(2018)

71 54% Total calcium 

<2.54-2.64 

mmol/L***, 

PTH 1.8-5.8 

pmol/L,

eGFR  

>60mL/min,

Vit D

>50nmol/L

Median total 

calcium in pts 

with normalized 

PTH: 2.32 

mmol/L

Median total 

calcium in pts 

with persistently 

elevated PTH: 

2.4 mmol/L

Of those 

normalized 

(N=38),

median PTH 4.2 

pmol/L, range 

3.8-4.98

Of those 

persistently 

elevated (N=33):

median PTH 

7.561 pmol/L, 

range 6.5-8.3

+2.6% in entire 

cohort (+5.6% in 

pts with 

normalized PTH, 

no significant 

change in pts with 

persistently 

elevated PTH)

Kiriakop

olous 

(2018)51

23 21.7% Total 

calcium < 2.5

4 mmol/L, 

Normalized in 

22 pts
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ionized 

calcium

< 1.3 mmol/L

, PTH >6.9 

pmol/L,

eGFR

>60mL/min, 

Vit D

>50 nmol/L

Traini 

(2018)

154 13% (55% 

hyperplasia 

and 45% 

double 

adenoma)

Total calcium 

2.62 mmol/L,

PTH >6.9 

pmol/L,

Vit D>50 

nmol/L

Total 2.27±0.15 

mmol/L,

range 1.8-2.7

(N=96)

3.3±2.8,

range 0.2-16.4 

pmol/L

(N= 93)

11/12 pts stable or 

improved

10/10 pts stable or 

resolved

* Only 8 patients within this cohort had a normal iCa in addition to a normal total Ca. The outcomes listed pertain to the subgroup with 

normal iCa.

** 4 patients had unknown pathology

***Variance dependent on reference values from multiple laboratories
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