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ABSTRACT 
Objective: Parathyroid size, weight, position and histo-
pathological characteristics have been investigated as 
possible candidates of predictive value. We aimed to in-
vestigate the relationship between the volume of the para-
thyroid gland as calculated by sonographic measurements 
and the amount of postoperative decrease in serum calci-
um and parathyroid hormone (PTH) levels.    
Materials and Methods: Preoperative and postoperative 
plasma levels of corrected calcium and intact PTH were 
noted. The size of each adenomatous parathyroid gland 
was calculated as an ellipsoid based on the preoperative 
sonographic measurements using the formula “V=π/6 x 
diameters”.  
Results: A total of 61 (76.3%) females and 19 (23.8%) 
males were included in the study. The median age of the 
patients was 58 years. The average volume of the adeno-
matous parathyroid gland was calculated to be 13.4 cm3. 
Plasma levels of both calcium and PTH significantly de-
creased following surgery (p: 0.000, p: 0.000, respective-
ly). There was significant correlation between the adeno-
ma volume and the change in calcium value (r: -0.500, p: 
0.000) but not for the PTH value (r: 0.036, p: 0.750).   
Conclusion: Our significant results may suggest a rela-
tionship between the volume of adenoma and plasma cal-
cium levels, but more extended studies with larger patient 
groups are needed for more consistent results.  
Keywords: Adenoma, calcium, parathyroid, volume  

ÖZ 
Amaç: Paratiroid boyutu, ağırlığı, pozisyonu ve histopato-
lojik özellikleri olası prediktif değer adayları olarak araştı-
rılmıştır. Bu çalışmamızda bizde sonografik ölçümlerle 
hesaplanan paratiroid bezi hacmi ile postoperatif serum 
kalsiyum ve parathormon (PTH) düzeylerindeki azalma 
miktarı arasındaki ilişkiyi araştırmayı amaçladık.  
Materyal ve Metot: Ameliyat öncesi ve sonrası düzeltil-
miş kalsiyum ve intakt PTH plazma seviyeleri kaydedildi. 
Her bir adenomatöz paratiroid bezinin boyutu, “V=π/6 x 
çaplar” formülü kullanılarak, ameliyat öncesi sonografik 
ölçümlere dayalı olarak bir elips şeklinde hesaplandı.  
Bulgular: Çalışmaya toplam 61 (%76,3) kadın ve 19 (%
23,8) erkek dahil edildi. Hastaların medyan yaşı 58 idi. 
Adenomatöz paratiroid bezinin ortalama hacmi 13,4 cm3 
olarak hesaplandı. Ameliyattan sonra hem kalsiyum hem 
de PTH'nin plazma seviyeleri önemli ölçüde azaldı 
(sırasıyla p<0,001, p<0,001). Adenom hacmi ile kalsiyum 
değerindeki değişiklik arasında anlamlı bir korelasyon 
varken (r: -0.500, p<0,001),  PTH değeri için anlamlı bir 
ilişki yoktu (r: 0,036, p: 0,750).  
Sonuç: Sonuçlarımız adenom hacmi ile plazma kalsiyum 
seviyeleri arasında bir ilişki olduğunu düşündürebilir an-
cak daha tutarlı sonuçlar için daha geniş hasta grupları ile 
daha kapsamlı çalışmalara ihtiyaç vardır.  
Anahtar Kelimeler: Adenom, hacim, kalsiyum, paratiroid 
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INTRODUCTION 

Primary hyperparathyroidism (PHTP), with an esti-

mated annual incidence of 34 to 120 cases per 

100,000 people, is a relatively common endocrine 

disorder caused by parathyroid adenomas in 80-85% 

of the cases.1 

Due to the increasing availability of routine labora-

tory testing, many parathyroid adenomas are discov-

ered incidentally during diagnostic workups for oth-

er pathologies, increasing the overall incidence.  

Many parathyroid adenomas are diagnosed while 

still asymptomatic.2 Depending on the etiology of 

hyperparathyroidism, plasma calcium and vitamin D 

levels might be normal or low, while plasma PTH 

might be “inappropriately normal”, i.e., unsup-

pressed despite hypercalcemia.3 

The preferred mode of treatment of primary hy-

perparathyroidism for all symptomatic cases and 

asymptomatic cases fulfilling any of the following 

criteria is surgery. Surgery in asymptomatic patients 

offers the promise of a definitive cure and should be 

recommended to those who meet any one of the fol-

lowing criteria: hypercalcemia level consistently >1 

mg/dL above average; fracture; renal stones, hyper-

calciuria and other stone risk factors; T-score <−2.5 

at any site; and age <50 years.4 While surgery aims 

to achieve a significant decrease in serum parathy-

roid hormone (PTH), which results in the correction 

of previously elevated serum calcium levels, hy-

pocalcemia is a common and potentially severe 

complication.4,5 Therefore, it is of paramount im-

portance for endocrine surgeons to predict the extent 

of the decrease in calcium levels after surgery to be 

able to take the necessary precautions before the 

onset of symptoms. 

Numerous studies attempted to estimate the effect of 

parathyroidectomy on postoperative calcium and 

PTH levels. Parathyroid size, weight, position, and 

histopathological characteristics have been investi-

gated as possible candidates for predictive value.6 

Unfortunately, a correlation between any of these 

parameters and postoperative change in either calci-

um or PTH levels is yet to be established by multiple 

studies and widely accepted by the endocrine com-

munity.5 Since preoperative imaging studies are rou-

tinely performed in most endocrine surgery centers, 

data derived from such studies can be made readily 

available at no extra cost. 

Thus, we aimed to investigate the relationship be-

tween the volume of the parathyroid gland as calcu-

lated by sonographic measurements and the change 

in postoperative values compared to preoperative 

calcium and PTH values.  

 

MATERIALS AND METHODS 

Ethics Committee Approval: For this study, it was 

obtained from the Istanbul Training and Research 

Hospital Clinical Research Ethics Committee (Date: 

08/11/2019, decision no: 2047). Informed consent 

was obtained from all patients, and the study was 

performed according to international declarations. 

Patient Feature: Data from 80 consecutive patients 

with PHPT operated in a single center with experi-

ence in endocrine surgery was retrospectively ana-

lyzed. Patients with multiple adenomatous parathy-

roid glands or a history of prior neck surgery were 

excluded. The age and gender of the patients, as well 

as the localization of the adenomatous glands, were 

recorded.  

Analysis: Both preoperative (before any medical 

treatment) and postoperative (one day after surgery) 

plasma levels of corrected calcium and intact PTH 

were analyzed. The size of each adenomatous para-

thyroid gland was calculated as an ellipsoid based on 

the preoperative sonographic measurements, using 

the formula V=π/6 x ABC (A, B and C being the 

dimensions in cm). 

Statistical Analysis: Statistical analysis was per-

formed using the IBM® SPSS® Statistics 26.0 soft-

ware (IBM, Armonk, New York, USA). Mean, 

standard deviation, median, minimum, and maxi-

mum values, frequency, and percentage were used 

for descriptive statistics. The distribution of varia-

bles was tested using the Kolmogorov-Smirnov test. 

Wilcoxon signed-rank test was used for the analysis 

of repeated measurements. The correlation was de-

termined using Spearman’s rank correlation coeffi-

cient. The p-value less than 0.05 were considered 

statistically significant.  

 

RESULTS 

Of the 80 patients included, 61 (76.3%) were fe-

male, and 19 (23.8%) were male. The ages of the 

patients ranged from 22 years to 82 years, with a 

mean age of 57.4±13.3 years. The adenomatous 

gland was most commonly the lower left parathy-

roid, with 35 cases (43.8%), followed by 26 (32.5%) 

in the lower right, 11 (13.8%) in the upper left, and 8 

(10.0%) in the upper right. The average volume of 

the adenomatous parathyroid gland was calculated to 

be 13.4 cm3 and the minimum and maximum sizes 

were 9 and 21 cm3 respectively (Table 1). 

Plasma levels of both calcium and PTH significantly 

decreased following surgery (p<0.05). The calcium 

and PTH measurements are summarized in Table 2.  

Spearman’s rank correlation test demonstrated a 

significant correlation between the adenoma volume 

with preoperative and postoperative plasma calcium 

levels and the change in calcium. However, no such 

correlation of statistical significance was present 

between the adenoma volume and plasma PTH lev-

els. Table 3 lists the correlation coefficients for the 

different variables.  
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DISCUSSION AND CONCLUSION 

For a successful parathyroidectomy, a surgeon needs 

a precise localization and the number of parathyroid 

glands that must be removed. Therefore, an adequate 

preoperative diagnostic patient processing is need-

ed .   One of the important factors for the indication 

of surgery is, among others, the value of parathor-

mone. 

Predicting the presence of a large parathyroid adeno-

ma and measuring surgical specimen  dimensions 

after excision may have some clinical importance. In 

fact, as the parathyroid adenoma expands, the pro-

portion of solitary components increases more and 

the likelihood of it being benign decreases. Howev-

er, a giant parathyroid adenoma may sometimes 

mask the presence of a second, smaller adenoma.7 

The concordance of an accurate preoperative locali-

zation and high preoperative PTH values with the 

excision of a large adenoma and a rapid decrease of 

PTH makes the presence of a solitary adenoma very 

likely.8 

In our study, the female-to-male ratio was approxi-

mately 3:1, and among a group ranging from 22 to 

82 years of age, the mean age was 57.4 years 

(±13.3), with the median also at 58. Median adeno-

ma volume is 13,4 cm 3 .  Lower left localization is 

the most common  position  (%43,8 ) of the adeno-

ma . Sekond most common position is lower right  

(%32,5). 

 These findings are similar   the literature based on 

both historical and recent data from different popu-

lations.9 Despite significant differences among eth-

nic groups and a drastic increase in the incidence of 

the disease, mainly attributed to the incidental diag-

nosis of asymptomatic or mildly symptomatic cases, 

the male-to-female ratio is consistent. However, 

contrary to epidemiological studies, which demon-

strate that the age-adjusted incidence of PHPT in-

creases with age, the ages of our study population 

had clustered in the late 50 years.10 This is due to the 

design of our study, which includes only patients 

operated for PHPT rather than being a population 

survey. Patient age being one of the indications for 

surgery and early postmenopausal women being 

more likely to undergo bone mineral density scan-

ning than the elderly, resulting in increased diagno-

ses of asymptomatic osteoporosis, are possible rea-

sons for the age distribution of our study population. 

Other studies based on operative findings have also 

reported similar results, which supports our interpre-

tation.11 

Adenomatous parathyroid glands were most fre-

quently the inferior parathyroids, with a tendency for 

left-sided adenomas. Matsushita et al. demonstrated 

in 1984 that the functional level of the inferior para-

thyroid glands was higher than the superior ones. As 

such, they tend to have a greater capacity for hyper-

plasia and a decrease in size in states of suppressed 

PTH secretion.12 The larger parenchymal area and 

higher potential for hyperplasia might be why ade-

Table 1. The demographic data of the patients and the location of the adenomas. 

  Patients 
(n:80) 

Age of patients (years), mean ±SD 57.4±13.3 
Adenoma volume (cm3), mean ±SD 13.4±19.9 
Gender, n (%) Female 

Male 
61 (76.3) 
19 (23.8) 

Localization of the adenoma, n (%) Lower left 
Lower right 
Upper left 
Upper right 

35 (43.8) 
26 (32.5) 
11 (13.8) 
8 (10.0) 

Table 2. The preoperative and postoperative analysis of the calcium and parathyroid hormone. 

  Preoperative Postoperative p-value 

Ca, mean ±SD 11.6±1.1 9.0±0.9    0.001 
PTH, mean ±SD 316.5±261.7 49.4±39.7 0.001 

Ca: corrected plasma calcium (mg/dL); PTH: intact parathyroid hormone (pg/mL). 

Table 3. Correlation analysis of the volume of parathyroid adenoma with serum calcium (pre- and post-
operative) and serum PTH levels. 

  Ca PTH 

  Preoperative Postoperative % change Preoperative Postoperative % change 
r 0.384 -0.300 -0.500 0.154 0.179 0.036 
p-value 0,001 0.007 0,001 0.174 0.113 0.750 

Ca: corrected plasma calcium (mg/dL); PTH: intact parathyroid hormone (pg/mL); r: Spearman’s correlation coefficient. 
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nomas develop more frequently in the inferior 

glands.  

Numerous studies have investigated the relationship 

between adenoma size and biochemical parameters 

such as PTH, vitamin D, calcium, and phosphorus. 

As a measure of the size of the adenoma, different 

studies used either weight or volume.  

A review in the literature is the most extensive series 

correlating preoperative calcium and PTH values 

with operative findings of gland size and several 

diseased glands. Although a lower calcium value 

predicts somewhat more multi-gland disease, the 

poor correlation should make the parathyroid sur-

geon aware that preoperative laboratory testing can-

not predict gland size and multi-gland disease.13 

Randhawa et al. have measured both weight and 

volume of the adenomas and found a strong correla-

tion, making it possible to compare results from 

studies measuring either the weight or the volume of 

the adenomatous parathyroid gland.11 

Since it can be calculated preoperatively by data 

obtained from ultrasonography alone, volume is 

more useful in predicting biochemical variables well 

in advance of the operation. 

The results from the current study suggest a statisti-

cally significant relationship between adenoma vol-

ume and plasma calcium levels but not PTH. Results 

from other studies in the literature could be more 

consistent.  

Gatu et al. from Romania concluded that the volume 

of a parathyroid adenoma was related to preopera-

tive PTH but not calcium levels.14 Other studies have 

observed a correlation between parathyroid size and 

both calcium and PTH levels.15 Jubran reported that 

the size of the parathyroid gland not correlated with 

the preoperative PTH values in 35 cases.16 

In conclusion, primary hyperparathyroidism is 

among common endocrine disorders, usually caused 

by adenomas which may lead to morbidity and mor-

tality. Former studies have focused on the preopera-

tive estimation of parathyroidectomy on postopera-

tive serum calcium and PTH levels. In our study, we 

aimed to evaluate the possible role of the volume of 

solitary parathyroid adenoma in predicting postoper-

ative serum levels of PTH and calcium. Our signifi-

cant results may suggest a relationship between the 

volume of the adenoma and plasma calcium levels, 

but extended studies with larger patient groups are 

needed for more consistent results.  
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