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Summary 
Inconclusive preoperative imaging is a strong predictor of 
multiglandular parathyroid disease (MGD) in patients with 
primary hyperparathyroidism (PHPT). MGD was investigated in 
a cohort of 17 patients with PHPT (mean age 64.9 years, total 
calcium 2.75 mmol/l and parathyroid hormone (PTH) 113.3 ng/l) 
who underwent 18F-fluorocholine PET/CT (FCH) imaging before 
surgery. The initial MIBI SPECT scintigraphy (MIBI) and/or neck 
ultrasound were not conclusive or did not localize all pathological 
parathyroid glands, and PHPT persisted after surgery. Sporadic 
MGD was present in 4 of 17 patients with PHPT (24 %). In 3 of 
4 patients with MGD, FCH correctly localized 6 pathological 
parathyroid glands and surgery was successful. Excised 
parathyroid glands were smaller (p <0.02) and often hyperplastic 
in MGD than in single gland disease. In two individuals with MGD, 
excision of a hyperplastic parathyroid gland led to a false positive 
decline in intraoperative PTH and/or postoperative serum 
calcium. Although in one patient it was associated with partial 
false negativity, parathyroid imaging with FCH seemed to be 
superior to neck ultrasound and/or MIBI scintigraphy in MGD.  
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Introduction 
 

The incidence of sporadic multiglandular 
parathyroid disease (MGD) varies in the range of 8 to 
33 % [1]. The detection rate of MGD in primary 
hyperparathyroidism (PHPT) is influenced by the extent 
of parathyroid surgery (bilateral exploration or focused 
parathyroidectomy), by the experience of both the 
operating surgeon and the pathologist, by the sensitivity 
of parathyroid imaging (conventional versus non-
conventional methods) and also by the criteria of 
successful surgery [2]. Surgical cure in PHPT is defined 
as normocalcemia 6 months postoperatively regardless of 
parathyroid hormone (PTH) levels [3]. A recent article 
has shown that nearly one-third of patients with PHPT 
has persistently elevated PTH after surgery [4]. 
Normocalcemic PHPT is significantly associated with 
MGD [5,6]. Our experience showed that MGD could be 
one of the underlying causes of postoperative 
normocalcemic hyperparathyroidism. 

In MGD, pathological parathyroid glands are 
often small and hyperplastic compared to single gland 
parathyroid disease (SGD) [1]. These histopathological 
characteristics pose a problem for imaging techniques in 
correct localization of all pathological parathyroid glands 
[7,8]. Negative preoperative imaging by MIBI 
scintigraphy (MIBI) and/or neck ultrasound (US) is 
a strong predictor of MGD in patients with PHPT [1,9].  
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 Our aim was to analyze the presence of MGD in 
an extended previously evaluated cohort of 17 PHPT 
patients examined with 18F fluorocholine PET/CT (FCH) 
after inconclusive first-line imaging (US and MIBI 
SPECT). 

 
Methods 

 
The clinical data of a cohort of patients with 

PHPT and discordant parathyroid imaging were 
retrospectively evaluated between 2018 and 2020. 
Thirteen out of 17 patients have been previously 
described [10], and the group was extended by four 
subjects to 17 in total. A patient in the previous cohort 
underwent a second surgery for elevated postoperative 
PTH, and histopathological findings from the initial 
surgery were reanalyzed in two other patients with 
persistent PHPT. Of the four new patients added to the 
cohort, three had SGD and one had MGD. Patient data is 
summarized in Table 1. Research was carried out in 
accordance with the Declaration of Helsinki. Due to the 
retrospective nature of the study and anonymized data 
handling, informed consent was omitted.  

Thyroid imaging by US, MIBI and/or FCH has 
previously been described previously [10]. 

Fasting blood samples were collected and total 
serum calcium with creatinine were measured 
photometrically on the Cobas 6000 analyzer (Roche 
Diagnostics GmbH, Basel, Switzerland) in the 
Department of Clinical Biochemistry of the Institute of 
Endocrinology. Serum intact PTH (2nd generation) 
concentrations were determined by the Electrochemi-
luminescence Immunoassay (ECLIA), normal ranges  
15-65 ng/l. Serum 25-hydroxyvitamin D (25OHD) were 
measured by the ECLIA to determine vitamin D status. 

MGD was defined as more than one enlarged 
parathyroid gland excised in surgery and documented as 
abnormal on histopathology or excision of a single 
enlarged parathyroid gland, confirmed by histopathology, 
in a patient who remained hypercalcemic. SGD was 
defined as the excision of one pathological parathyroid 
gland with resolution of hypercalcemia [3,9]. 

Continuous characteristics between patients with 
MGD and SGD patients were compared using the 
Student’s T-test. A p-values less than 0.05 were 
considered significant. 

 
 

Table 1. Characteristics of patients with single and multiglandular primary hyperparathyroidism and inconclusive conventional imaging. 
 

  Sporadic parathyroid disease  
  Single gland Multigland p 

n  13 (76 %) 4 (24 %)  
Age (years) ± SD 64.9 ± 7.6 65.0 ± 5.0 0.49 
Gender 12 F/ 1 M 4 F  
Total calcium (2.15–2.55 mmol/l) ± SD  2.75 ± 0.10 2.79 ± 0.13 0.29 
PTH (15–65 ng/l) ± SD 105.3 ± 16.76 138.0 ± 39.5 0.04 
Creatinine (45–84 umol/l) ± SD 69.31 ± 5.82 69.25 ± 13.38 0.50 
25OH vitamine D (75–200 nmol/l) ± SD 70.8 ± 15.32 88.8 ± 14.65 0.06 
US positive for single disease 4 1  
MIBI positive for single disease 5 3*  
Lesion size (mm)** ± SD 12.8 ± 4.0 8.8 ± 2.3 0.02 
Reoperation***  2/13 (15 %) 4/4 (100 %)  
Adenoma 12 (92 %) 4 (40 %)  
Hyperplasia 1 (8 %) 6 (60 %)  

 
F – Female patient. M – Male patient. PTH – Parathyroid hormone. US positive – A lesion found by the neck ultrasound. MIBI positive – 
An active focus found by MIBI scintigraphy. * – 2 Correct, 1 False positive. SD – standard deviation. ** – Mean of the maximal 
diameter. *** – Number of reoperation for persistent hyperparathyroidism. The categorical variables are expressed by the number of 
cases (%) and the continuous variables by the average. Comparisons between groups were made using the Student´s t-test for 
continuous variables. 
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Table 2. Preoperative and postoperative levels of total serum calcium and parathyroid hormone in 4 patients with multigland 
parathyroid disease. 
 

 
Preoperative Postoperative I Postoperative II 

 

Total calcium 
(mmol/l) 

PTH 
(ng/l) 

Total calcium 
(mmol/l) 

PTH 
(ng/l) 

Total calcium 
(mmol/l) 

PTH 
(ng/l) 

Patient 1 2.61 123.2 2.31 100.5 2.22 56.5 
Patient 2 2.79 93.7 2.75 125.1 2.29 18.3 
Patient 3 2.71 118 2.71 127.3 2.36 83.5 
Patient 4 3.06 217 2.87 181.1 2.73 123.8 

 
Reference ranges total calcium 2.20–2.55 mmol/l, parathyroid hormone (PTH) 15–65 ng/l. 
 
 

 
Fig. 1. Histopathological evaluation of excised parathyroid glands at the first (A, B) and the second surgery (C) in patient No. 1.  
(A) Chief cell adenoma (*) with extensive reduction of stromal adipocytes (hematoxylin eosin (HE) x 100), (B) Nodular hyperplasia of 
the oxyphilic cells (HE x 100), (C) Mixed cell type parathyroid adenoma containing oxyphilic and water clear cells (+) (HE x 40) 

 
 

Results 
 

In a cohort of 17 patients with PHPT (mean age 
64.9 years, total calcium 2.75 mmol/l and PTH 
113.3 ng/l) MGD was identified in 4 individuals (24 %) 
whereas 13 patients had SGD (76 %) (Table 1). 

Patient No.1 has been described as No. 11 in our 
previous study. FCH showed, after negative MIBI and 
ultrasound, three active foci suggestive of enlarged upper 
right, lower and left upper glands. The superior 
parathyroid glands were found and excised in the first 
surgery. In the histopathological evaluation, there was 
one chief cell adenoma with extensive reduction of 
stromal adipocytes. (Fig. 1A). The second parathyroid 
gland was enlarged with oxyphilic cell nodular 
hyperplasia (Fig. 1B). Hypercalcemia normalized 
postoperatively but PTH remained elevated (Table 2), 
although vitamin D levels and renal function were normal 
(25OH vitamin D 81.8 nmol/l (75–200), creatinine  
77 umol/l (45–84)). The right lower parathyroid gland 
was excised during the second surgery performed 2 years 
after the primary resection. In the histological 
investigation, a mixed cell type parathyroid adenoma was 

present containing almost 60 % oxyphilic cells and 
approximately 40 % water clear cells. (Fig. 1C). Finally, 
PTH normalized to 56.5 ng/l (Table 2).  

In patient No. 2 MIBI scintigraphy showed  
an active focus corresponding to a right lower parathyroid 
gland with nodular thyroid disease in the right lobe. The 
enlarged right lower parathyroid gland (12x5x5 mm) was 
removed during the right thyroid lobectomy. 
Histopathology confirmed diffuse parathyroid gland 
hyperplasia, almost exclusively of the chief cells, with 
a reduction in interstitial adipocytes. A tiny chief cell 
parathyroid adenoma (0.7 mm in diameter) was found in 
the resected thyroid lobe. The postoperative laboratory 
data showed persistent PHPT (Table 2). After FCH 
imaging, a left upper parathyroid gland was resected and 
found to be an adenoma (7x5x3 mm) comprising mainly 
parathyroid chief cells. This patient was designated as 
No. 7 in our previous study and was initially believed to 
be a case of persistent PHPT because the MIBI imaging 
was false positive before the first surgery. On the other 
hand, the MIBI scan was partially false negative because 
only one enlarged parathyroid gland (right lower) was 
shown. Subsequent FCH imaging led to identification of 
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left upper parathyroid adenoma and normalization of 
biochemistry after the second surgery. 

In patient No. 3 MIBI scintigraphy indicated 
a pathological left lower parathyroid gland. The neck 
surgeon did not find any enlarged parathyroid gland 
corresponding to MIBI activity and decided to explore 
the right parathyroid glands. Finally, an enlarged right 
upper parathyroid gland (10x5x3 mm) was excised and 
postoperative histopathology confirmed diffuse type 
hyperplasia, consisting predominantly of chief cells. On 
Day 1 after surgery, calcemia normalized but started to 
rise again from postoperative Day 2 and reached the 
preoperative level within a week after parathyroidectomy. 
Intraoperative PTH (ioPTH) was not available. In this 
case, the MIBI scintigraphy was false positive. MIBI 
activity corresponded to a thyroid nodule in the lower 
part of the left thyroid lobe. This was documented in 
histopathology because a total thyroidectomy was 
performed concurrently for nodular thyroid disease. 
Before the second surgery for persistent PHPT, FCH 
imaging showed a focus suggestive of an enlarged right 
lower parathyroid gland. This gland (10 mm in diameter) 

was removed by the second surgery (1 year after the first 
resection). Histopathology described diffuse chief cell 
hyperplasia. Postoperative hypercalcemia normalized, 
PTH remained mildly elevated but normalized within  
a year after surgery (Table 2).  

In patient No. 4 201Thallium/99mTc-pertechnetate 
subtraction scintigraphy revealed a focus corresponding 
to an enlarged left lower parathyroid gland. The patient 
with laboratory signs of PHPT underwent surgery.  
An enlarged parathyroid gland (9x4x4 mm) with nodular 
hyperplasia was observed in histopathology. Hyperplastic 
nodules composed of chief and oxyphilic cells (Fig. 4A). 
Interestingly, ioPTH showed a significant 71 % decline in 
10 minutes (Fig. 2) indicating surgical cure according to 
the Miami criteria [11]. However, hypercalcemia with 
elevated PTH persisted postoperatively (Table 2). In view 
of the presence of osteoporosis and nephrolithiasis, 
another surgical revision was recommended. Before the 
second surgery, FCH showed a focus suggestive of  
an enlarged right lower parathyroid gland (Fig. 3). The 
patient underwent the second surgery and an enlarged 
right lower parathyroid gland was removed (8x8x3 mm). 

 
 

Fig. 2. Parathyroid hormone concen-
trations (pmol/L) in patient No. 4 after 
the first (solid line) and the second 
(dashed line) para-thyroidectomy. 
Postop.: post-operative, intraop. – 
intraoperative. 

 
 
 
 
 
 
 
 
 

 
 

 
 
Fig. 3. 18F-fluorocholine PET/CT showing focal hyperactivity dorsal to the right caudal pole of the thyroid gland (arrow), histologically 
confirmed as hyperplasia (patient 4, Table 2). (A) Maximum intensity projection. (B) PET/CT fusion, axial slice. (C) CT, axial slice.  
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Fig. 4. Histopathology of excised parathyroid glands at the first (A) and second (B) surgery (patient No. 4). (A) diffuse and nodular 
hyperplasia of the chief (+) and oxyphilic (*) cells (HE x 40), (B) diffuse and nodular hyperplasia of chief (+) and oxyphilic (*) cells  
(HE x 100). 

 
 

Excision of an enlarged pathological parathyroid gland in 
accordance with FCH imaging misled the surgeon to 
terminate the operation without waiting for the results of 
the ioPTH. Histopathology demonstrated a parathyroid 
gland with nodular hyperplasia of chief and oxyphilic 
cells (Fig. 4B). However, laboratory signs of primary 
hyperparathyroidism persisted. 
 
Discussion 
 

Negative preoperative imaging is a strong 
predictor of MGD in PHPT [1,2]. We have re-analyzed  
a group of patients with PHPT for the presence of MGD 
after collecting follow-up data and extension of the 
cohort with new subjects. In the current PHPT cohort 
with inconclusive conventional imaging and/or persistent 
disease, we found MGD in 24 % of our individuals. 

Looking at the results of a previous analysis, 
FCH showed three simultaneous lesions in one patient. 
Two of them were excised and confirmed to be 
pathological parathyroid tissues. Therefore, we initially 
incorrectly assumed that there was only one case of MGD 
in our cohort. Finally, three other patients with MGD 
were recruited from individuals with persistent PHPT 
after initial surgery following MIBI imaging that was 
false positive or partially false negative.  

In MGD the sensitivity of US and MIBI is 
significantly lower than in SGD [7,8]. In our cohort in 
four patients with MGD neck ultrasound identified only 
one parathyroid lesion out of 10 (lesion-based sensitivity 
10 %). MIBI correctly identified two pathological foci 
out of 10 (lesion-based sensitivity 20 %). Frequently, 
MIBI parathyroid imaging was either partially false 
negative (showing only a single focus that gave a false 

impression of SGD) or false positive due to thyroid 
nodular disease [12]. FCH appeared to be superior to US 
and/or MIBI in MGD in the present study. Six 
pathological parathyroid lesions were correctly resected 
according to FCH imaging. In one patient, PHPT still 
persists indicating partial false negativity of FCH. 

The present study has limitations. It is 
a retrospective study and the patient group is too small 
for statistical conclusions. However, patients with MGD 
did not differ from individuals with SGD individuals with 
respect to their age and/or hypercalcemia. In individuals 
with MGD the excised parathyroid glands were smaller in 
size and hyperplasia prevailed in histopathology more 
than in SGD in line with previous observations [1,9]. 
Interestingly, preoperative levels of PTH were higher in 
MGD than in SGD. We might speculate that higher levels 
of PTH levels in MGD could reflect the involvement of 
several parathyroid glands. Some reports, on the contrary, 
have documented higher serum calcium and PTH levels 
in SGD compared to MGD [13,14]. However, this was 
not confirmed by other studies [9,15]. Higher 
preoperative levels of PTH in our subjects with MGD did 
not reflect secondary hyperparathyroidism because the 
MGD group did not differ in serum creatinine and/or 
25-hydroxyvitamin D levels from SGD patients.  

Histopathological findings in our study sample 
documented a combination of various parathyroid lesions 
(simultaneous adenoma and hyperplasia) with various 
types of parathyroid cell types (oxyphilic and chief cells) 
in a single patient with MGD. This could indicate that 
MGD is a heterogeneous and very likely polyclonal 
disorder [16-18]. 

In patient No.1 a hypercalcemic form of PHPT 
changed to normocalcemic PHPT after excision of two 
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enlarged parathyroid glands. Biochemical values finally 
normalized after the third parathyroid adenoma was 
removed. This could show that MGD could comprise 
various biochemical forms of PHPT and, moreover, could 
be one of the underlying causes of postoperative 
normocalcemic hyperparathyroidism. A recent study in 
a tertiary hospital setting has shown that nearly a third of 
patients had elevated PTH levels with normocalcemia 
after parathyroid surgery [4]. Interestingly, individuals 
with elevated PTH after parathyroidectomy had a higher 
level of PTH at initial presentation.   

An interesting question is how enlarged 
parathyroid glands contribute to biochemical findings in 
patients with sporadic MGD. In subject No. 4, removal of 
a pathological hyperplastic parathyroid gland led to 
a false positive decrease in ioPTH. Similarly, in patient 
No. 3 serum calcium normalized the first postoperative 
day but started to rise and returned to preoperative values. 
It is possible that a decrease in serum calcium might have 
stimulated another hyperplastic parathyroid gland with 
a lower calcium-PTH set point. This phenomenon has 
been described in PHPT in MEN1 syndrome as 
a sleeping parathyroid gland [19]. Even in hereditary 
PHPT, separate parathyroid tumors in an individual 
patient might exhibit various secretory functions although 
they harbor the same MEN1 gene mutation [19-21]. In 
sporadic MGD each enlarged parathyroid gland might 
have independent secretory function with different 
calcium-PTH set points. Therefore, in patient No. 4, 
ioPTH decreased by more than 50 % from baseline and 
met the Miami criteria for adequate gland resection [11].  

All our patients with MGD have had 
a consultation with a clinical geneticist [22]. The analysis 
of a set of PTH regulating genes is currently not 
available. Hereditary PHPT is often multiglandular but 
occurs in younger age. An average age in our cohort is 
64 years, more concordant with sporadic form of PHPT.  

According to some authors, more stringent 
criteria for PTH decrease (more than 75 %) should be 
used in patients with recognized MGD [14]. In our 
patient, preoperative parathyroid scintigraphy imaging 
showed one hyperactive lesion in line with SGD and the 
surgeon did not have MGD indices of MGD and thus 
accepted 71 % decrease in ioPTH decrease as significant. 
During the second surgery, although ioPTH did not fall 
an enlarged hyperplastic parathyroid gland was removed. 
In this patient, the hyperplastic parathyroid glands from 
both the first and the second surgery did not differ either 
in size (both glands volume 0.1 ml) or histopathology. 

This raises the question whether all enlarged and 
pathological parathyroid glands are equally functional 
and shows that it is likely that size and histopathology of 
parathyroid glands might not closely correlate with their 
function. This could be clinically relevant because both 
intraoperative frozen histology and ioPTH cannot 
guarantee a successful operation in MGD if all 
parathyroid glands have not been identified [17,19]. In 
subject No.4, the hyperplastic parathyroid gland, excision 
of which did not change ioPTH, was strongly positive on 
FCH imaging, and fluorocholine uptake by an enlarged 
parathyroid gland would support functional activity [23]. 
On the other hand, in this patient, postoperative PTH and 
calcium persisted, but slightly decreased after each 
surgery. This would indicate that hypercalcemia and PTH 
levels could also correlate with parathyroid mass in 
MGD. Finally, the FCH imaging was associated with 
a partial false negativity in this individual. FCH showed 
only one focus corresponding to a pathological 
parathyroid gland, removal of which did not normalize 
serum calcium and PTH levels. This would suggest that 
there is an additional hyperfunctioning parathyroid gland 
left in situ and would correspond to findings of Grimaldi 
et al. where FCH showed sensitivity of 100 % per patient 
but 79 % per gland in MGD documenting partial false 
negativity of FCH [24]. In conclusion, sporadic MGD 
was present in 4 of 17 patients with PHPT who 
underwent FCH because conventional parathyroid 
imaging was inconclusive or did not locate all 
pathological parathyroid glands and the disorder persisted 
postoperatively. This is a pre-selected cohort of patients 
with PHPT and a complicated localization of the 
pathological parathyroid glands where the incidence of 
MGD increases. Subjects with MGD had higher levels of 
preoperative PTH. The parathyroid glands resected from 
MGD individuals were smaller and more often 
hyperplastic than in SGD patients. All four subjects with 
MGD had to undergo the second neck surgery for 
persistent hyperparathyroidism. Preoperative MIBI was 
negative or showed a single focus, leading to a false 
reassurance that these patients had SGD. Furthermore, in 
two individuals with MGD, excision of a hyperplastic 
parathyroid gland led to a false positive decrease in 
ioPTH and/or postoperative serum calcium, although 
PHPT persisted. Parathyroid imaging with FCH appeared 
to be superior to US and/or MIBI in MGD, although in 
one patient it was associated with partial false negativity. 
MGD should be suspected in PHPT with discordant 
conventional parathyroid imaging and/or in patients with 
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persistent PHPT after initial surgery. Preoperatively, 
besides FCH imaging, endocrinologists still lack reliable 
instruments to correctly differentiate SGD from MGD in 
patients with PHPT. Thus, in MGD, the success of 
parathyroidectomy still largely depends on the surgeon’s 
experience.  

Conflict of Interest 
There is no conflict of interest. 
 
Acknowledgements 
Supported by MH CZ - DRO (Institute of Endocrinology 
- EÚ, 00023761). 

 
References 
 
1. Barczyński M, Bränström R, Dionigi G, Mihai R. Sporadic multiple parathyroid gland disease--a consensus 

report of the European Society of Endocrine Surgeons (ESES). Langenbecks Arch Surg 2015;400(8):887-905. 
https://doi.org/10.1007/s00423-015-1348-1 

2. Mihai R, Sitges-Serra A. Multigland primary hyperparathyroidism—frequently considered, seldom 
encountered. Langenbeck's Arch Surg. 2015;400(8):863-866. https://doi.org/10.1007/s00423-016-1373-8 

3. Wilhelm SM, Wang TS, Ruan DT, Lee JA, Asa SL, Duh QY, Doherty GM, Herrera MF, Pasieka JL et al. The 
American Association of Endocrine Surgeons Guidelines for definitive management of primary 
hyperparathyroidism. JAMA Surg. 2016;151(10):959. https://doi.org/10.1001/jamasurg.2016.2310 

4. Caldwell M, Laux J, Clark M, Kim L, Rubin J. Persistently Elevated PTH after parathyroidectomy at one year: 
experience in a tertiary referral center. J clin Endocrinol Metab. 2019;104(10):4473-4480. 
https://doi.org/10.1210/jc.2019-00705 

5. Trébouet E, Bannani S, Wargny M, Leux C, Caillard C, Kraeber-Bodéré F, Renaudin K, Chaillous L, Mirallié 
É, Ansquer C. Mild sporadic primary hyperparathyroidism: high rate of multiglandular disease is associated 
with lower surgical cure rate. Langenbeck's Archives of Surgery. 2019;404(4):431-438. 
https://doi.org/10.1007/s00423-019-01782-1 

6. Pandian TK, Lubitz CC, Bird SH, Kuo LE, Stephen AE. Normocalcemic hyperparathyroidism: A collaborative 
endocrine surgery quality improvement program analysis. Surgery. 2020;167(1):168-172. 
https://doi.org/10.1016/j.surg.2019.06.043 

7. Kuzminski SJ, Sosa JA, Hoang JK. Update in parathyroid imaging. Magnetic Resonance Imaging Clinics of 
North America. 2018;26(1):151-166. https://doi.org/10.1016/j.mric.2017.08.009 

8. Nichols KJ, Tronco GG, Palestro CJ. Influence of Multigland Parathyroid Disease on 99mTc-Sestamibi 
SPECT/CT. Clin Nuclear Med. 2016;41(4):282-288. https://doi.org/10.1097/rlu.0000000000001115 

9. Thier M, Daudi S, Bergenfelz A, Almquist M. Predictors of multiglandular disease in primary 
hyperparathyroidism. Langenbeck's Arch Surgery. 2018;403(1):103-109. https://doi.org/10.1007/s00423-017-
1647-9 

10. Zajickova K, Zogala D, Kubinyi J. Parathyroid imaging by (18)F-fluorocholine PET/CT in patients with 
primary hyperparathyroidism and inconclusive conventional methods: clinico-pathological correlations. 
Physiol Res. 2018;67(Suppl 3):S551-S557. https://doi.org/10.33549/physiolres.934029 

11. Irvin GL, Solorzano CC, Carneiro DM. Quick intraoperative parathyroid hormone assay: surgical adjunct to 
allow limited parathyroidectomy, improve success rate, and predict outcome. World J Surg. 2004;28(12): 
1287-1292. https://doi.org/10.1007/s00268-004-7708-6 

12. Krátký J, Vítková H, Bartáková J, Telička Z, Antošová M, Límanová Z, Jiskra J. Thyroid nodules: 
pathophysiological insight on oncogenesis and novel diagnostic techniques. Physiol Res. 2014;63 (Suppl 
2):S263-S275. https://doi.org/10.33549/physiolres.932818 

13. Kebebew E. Predictors of Single-Gland vs Multigland parathyroid disease in primary hyperparathyroidism. 
Arch Surg. 2006;141(8):777. https://doi.org/10.1001/archsurg.141.8.777 

14. Hughes DT, Miller BS, Doherty GM, Gauger PG. Intraoperative parathyroid hormone monitoring in patients 
with recognized multiglandular primary hyperparathyroidism. World J Surg. 2010;35(2):336-341. 
https://doi.org/10.1007/s00268-010-0887-4 



240   Zajíčková et al.  Vol. 71 
 
 
15. Thakur A, Sebag F, Slotema E, Ippolito G, Taïeb D, Henry JF. Significance of biochemical parameters in 

differentiating uniglandular from multiglandular disease and limiting use of intraoperative parathormone assay. 
World J Surg. 2009;33(6):1219-1223. https://doi.org/10.1007/s00268-009-0029-z 

16. Shi Y, Azimzadeh P, Jamingal S, Wentworth S, Ferlitch J, Koh J, Balenga N, Olson JA Jr. Polyclonal origin of 
parathyroid tumors is common and is associated with multiple gland disease in primary hyperparathyroidism. 
Surgery. 2018;163(1):9-14. https://doi.org/10.1016/j.surg.2017.04.038 

17. Carneiro-Pla DM, Romaguera R, Nadji M, Lew JI, Solorzano CC, Irvin GL. Does histopathology predict 
parathyroid hypersecretion and influence correctly the extent of parathyroidectomy in patients with sporadic 
primary hyperparathyroidism? Surgery. 2007;142(6):930-935. https://doi.org/10.1016/j.surg.2007.09.019 

18. Lawrence DA. A histological comparison of adenomatous and hyperplastic parathyroid glands. J Clin Pathol. 
1978;31(7):626-632. https://doi.org/10.1136/jcp.31.7.626 

19. Yavuz S, Simonds WF, Weinstein LS, Collins MT, Kebebew E, Nilubol N, Phan GQ, Libutti SK, Remaley 
AT, Van Deventer M, Marx SJ. Sleeping parathyroid tumor: rapid hyperfunction after removal of the dominant 
tumor. J Clin Endocrinol Metab. 2012;97(6):1834-1841. https://doi.org/10.1210/jc.2011-3030 

20. Marx SJ, Menczel J, Campbell G, Aurbach GD, Spiegel AM, Norton JA. Heterogeneous size of the 
parathyroid glands in familial multiple endocrine neoplasia type 1. Clin Endocrinol. 1991;35(6):521-526. 
https://doi.org/10.1111/j.1365-2265.1991.tb00938.x 

21. Zofkova I. Hypercalcemia. pathophysiological aspects. Physiol Res. 2016:1-10. 
https://doi.org/10.33549/physiolres.933059 

22. Marini F, Cianferotti L, Giusti F, Brandi ML. Molecular genetics in primary hyperparathyroidism: the role of 
genetic tests in differential diagnosis, disease prevention strategy, and therapeutic planning. A 2017 update. 
Clin Cases Miner Bone Metab. 2017;14(1):60-70. https://doi.org/10.11138/ccmbm/2017.14.1.060 

23. Ferrari C, Santo G, Mammucci P, Pisani AR, Sardaro A, Rubini G. Diagnostic Value of Choline PET in the 
preoperative localization of hyperfunctioning parathyroid gland(s): A Comprehensive Overview. 
Biomedicines. 2021;9(3):231. https://doi.org/10.3390/biomedicines9030231 

24. Grimaldi S, Young J, Kamenicky P, Hartl D, Terroir M, Leboulleux S, Berdelou A, Hadoux J, Hescot S, Remy 
H, Baudin E, Schlumberger M, Deandreis D.  Challenging pre-surgical localization of hyperfunctioning 
parathyroid glands in primary hyperparathyroidism: the added value of (18)F-Fluorocholine PET/CT. Eur J 
Nucl Med Mol Imaging. 2018;45(10):1772-1780. https://doi.org/10.1007/s00259-018-4018-z 

 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues false
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CZE <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


