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Abstract
Introduction: Parathyroidectomy is the only curative approach for primary 
hyperparathyroidism (HPTP). Several techniques are studied for a more targeted 
surgery. One of them consists of intraoperative PTH measurement (IO-PTH), which can 
be collected from a Peripheral Vein (PV) or from a Central Vein (CV), using the Internal 
Jugular Vein (VJI). Objective: The aim of this study was to analyze the peculiarities 
of the collection sites. Methods: It is a prospective study of patients undergoing 
parathyroidectomy by HPTP, with PTH values in the peripheral collection and from 
the ipsilateral VJI at times: initial (T0) and 10 minutes after removal of the diseased 
gland (T10). Results: 61 participants were evaluated. The median PTH at baseline 
was 147.9 in the peripheral vein and 476.58 in the central vein. The median at T10 
was 36 in the peripheral vein and 33 in the central vein. The central vein values 
showed a greater reduction, with the peripheral values showing a median decay 
of 74.35%, while the central values dropped by 82.38%. In the initial collection, PTH 
values were higher in the central vein, while they tended towards homeostasis after 
the removal of the diseased gland, regardless of the collection site. Thus, the average 
decay values from the central vein collections were higher and more significant than 
those from the peripheral veins. Conclusion: The use of central values thus implies 
greater reliability for to intraoperative monitoring, with long-term comparative studies 
still being necessary to determine more targeted and effective surgical approaches.
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Introduction
Primary hyperparathyroidism (PHPT) is an endocrine disease caused 
by a primary disease of the parathyroid glands, which leads to their 
hyperfunctioning. It is characterized by hypercalcemia and increased or 
abnormal parathyroid hormone (PTH) values. Parathyroidectomy (PTx) is the 
only curative approach for this disease.1 Initially, bilateral neck exploration 
(BNE) was used in patients with PHPT with resection of enlarged parathyroid 
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glands and without any preoperative localization studies, resulting in a success 
rate greater than 95%.6

Preoperative localization exams and new surgical techniques are increasingly 
studied in order to provide a safer, more effective surgical approach with less 
morbidity. One of the methods studied is minimally invasive parathyroidectomy 
(MIP), in which only the diseased gland is removed, without bilateral exploration 
of the neck. Advantages include a lower incidence of hypocalcemia, similarly 
high cure rates with lower complication rates, shorter hospital stay and lower 
hospital costs.2,6

An important component of MIP is the intraoperative PTH assay, which was 
established in 1988. Improvements to this method are being investigated, 
which could provide important value, for example, for patients with negative 
preoperative localization imaging, and it is possible to use differential jugular 
venous sampling to lateralize the side of the neck with the hyperfunctioning 
parathyroid gland.6

Intraoperative PTH measurement (IO-PTH) allows the surgeon to quantitatively 
determine the excision of all hyperfunctioning parathyroid tissue, predicting 
long-term operative success with less morbidity.3 The PTH sample can be 
collected from a Peripheral or Central Vein (Internal Jugular Vein). A greater 
than 50% reduction in PTH levels after 10 minutes, from the starting value is 
considered a biological cure.2,3 Each collection site presents certain advantages. 
Our study was planned in order to highlight the differences in the distinct 
use for intraoperative PTH collection from Peripheral and Central Veins, 
analyzing the tendencies of values according to the collection location and 
their benefits for the best surgical approach.

Methodology
This is a prospective study, from January 2018 to January 2021, of all patients 
undergoing PHPT parathyroidectomy at a tertiary hospital by the Head and 
Neck Surgery team. Data about sex, age, location, exams, and surgeries 
performed were collected from medical records.

As a study protocol, after cervical incision and dissection of the prethyroid 
muscles to the bilateral carotid sheath, the internal jugular veins were 
identified, and PTH was collected under direct view of the internal jugular 
vein, at its lowest point. After PTH collection, exploration and identification 
of the four parathyroid glands was performed. A second PTH collection was 
performed from the ipsilateral jugular vein to the diseased parathyroid gland 
10 minutes after the removal of the diseased parathyroid.

Inclusion criteria were patients diagnosed with PPH and eligible for surgery 
who had PTH values in the peripheral collection and in the ipsilateral jugular 
vein to the disease at the times: beginning of surgery and 10 minutes after. 
Exclusion criteria were patients with suspected or diagnosed multiglandular 
disease, in addition to patients under 18 years of age.

Statistical analysis for non-parametric data using the Wilcoxon test was 
performed, presenting data in quartiles and medians.
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Results
Our study included a total of 61 participants, mostly female (78.6%), with 
13 men and 48 women. The average age was 55 years.

The median PTH at baseline (T0) was 147.9 in the peripheral site (PV) collection, 
with a quartile of 25 of 89 and a quartile of 75 of 187, while it was 476.58 in 
the central site collection (CV), with a quartile of 25 out of 144 and a quartile 
of 75 out of 568. A comparison of the two values shows a statistical difference 
(p=0.00002774) (Table 1).

The median obtained for ten minutes after removal of the diseased gland (T10) 
was 36 in peripheral values, with a quartile of 25 of 26 and a quartile of 75 of 
33, and in the central values of 33, with the quartile of 25 out of 28 and the 
quartile of 75 out of 52. Notably, although the mean of the IO-PTH values at 
T0 were very diverse, at T10 the IO-PTH values presented statistically similar 
results regardless of the collection site (p = 0.8137) (Tabel 2).

It was possible to observe that the central values presented a greater decrease 
than those obtained from the peripheral collections, and the peripheral values 
presented a median decay of 74.35%, with the 25 quartile of 61.73 and the 
quartile of 75 of 81.04%, while the central values, 82.38%, with the 25th 
quartile of 75% and the 75th quartile of 91.14%. These values are statistically 
different (p=0.00006087).

Table 2. Comparison of median PTH values collected at the beginning of surgery and 10 
minutes after removal of the diseased parathyroid gland in peripheral and central sites.

T0 T10

Central PTH 476,58 33

Peripheral PTH 147,9 36

Table1. Comparison of PTH values from central and peripheral collection measured 10 
minutes after removal of the pathological parathyroid gland and in relation to decay.

Central PTH Peripheral PTH

PTH T10 33 36

PTH decay 82.38% 74.35%

Discussion
The study showed that, as previously indicated in the literature, both 
IO-PTH values collected from peripheral (PV) and central (CV) sites are valid 
for intraoperative monitoring of PTH reductions. Neves et. al. had already 
concluded that the IO-PTH shows reliable results, with a cure correlated with 
a drop in values and disease persistence when they remain stable. Thus, 
IO-PTH measurement proved to be effective in predicting surgical success 
in primary hyperparathyroidism.
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Corroborating what was indicated by Ito et al. central IO-PTH values show 
a more notable decrease when compared to peripheral values, being more 
accurate in determining the hyperfunctioning gland and able to contribute 
to a more targeted surgery. We also noted in our study that although higher 
PTH levels are measured from central venous samples, the accuracy of IO-PTH 
dynamics is generally not affected by sample location. 2,3

According to Woodrum D. et. al., when comparing the PV and VT values, both 
proved to be useful to carry out intraoperative monitoring of PTH reductions. 
Considering that baseline levels are higher in CV, a trend was observed in the 
2004 study in which the CV group was less likely to have decreased to the 
normal range in 10 minutes, requiring a 15-minute period to reach a reduction. 
In our study, analyzing the 10-minute- period, a 50% reduction from the initial 
values for the central site was observed, proving its efficiency for MIP.

An important point highlighted in this study was the homeostasis of the 
PTH results after the removal of the diseased gland, since they were 
shown to be statistically equivalent regardless of the collection site. This 
information is relevant for more accurate monitoring of IO-PTH, in line 
with the physiological principle used for the analysis of PTH reduction after 
withdrawal. The functioning of healthy glands is diminished due to the negative 
feedback mechanism stemming from increased serum calcium typical of 
PPHTH. The main regulatory factor for PTH secretion is the concentration of 
ionic calcium in the extracellular fluid.11 When removing the hyperfunctioning 
gland, which was responsible for maintaining the PTH levels elevated, it is 
expected that they will decrease, as the response of healthy parathyroids is 
not immediate. The concept of intraoperative monitoring of PTH is effective 
due to knowledge about the short half-life of this hormone (approximately 
3 to 4 minutes).4 Our study showed that the range of PTH values when 
removing the hyperfunctioning gland is similar in all regions of the body.

In order to monitor intraoperative PTH, several protocols were created 
for the use of ideal parameters for reductions in PTH levels to determine 
surgical outcomes. Foley et al.evaluated the most frequently used methods 
in their study and found that ideal PTH decay values are within the range of 
69% to 72%, as they have greater specificity and sensitivity.10 In our current 
research, the mean decay values observed both from the peripheral and 
central collections were within the range determined by Foley. However, 
it was observed that the decay of CV (82.38%) is higher than that for PV 
(74.35%). It is possible to infer that the use of central values would correspond 
to greater effectiveness of intraoperative monitoring of PTH values, since 
higher ranges and those above the level considered ideal in previous studies 
indicate a higher success rate in targeted surgeries and a lower frequency 
of approaches in unnecessary glands.

Future investigations need to use a larger sample to observe reduction 
patterns in parathyroid hormone in central or peripheral sites, regardless 
of similar final values, after the removal of the diseased gland, in order to 
confirm the greater sensitivity and specificity in the use of core values for 
monitoring hormone levels.
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Conclusion
The use of intraoperative parathyroid hormone monitoring is found to be an 
effective aid in targeted approaches, resulting in lower morbidity and more 
successful surgical outcomes. Both collections from peripheral and central 
sites were found to be effective. The PTH values after the removal of the 
gland, regardless of the collection site, tend towards homeostasis, showing 
statistical similarity. However, the reduction in PTH values is different and 
there is a tendency to use values collected from central sites (Internal Jugular 
Vein), as they demonstrate greater security for confirming the ideal reduction 
in values following removal. It is necessary to continue the studies to show 
the real differences and advantages in relation to the collected sites and 
their use as standards in PTH drop protocols.

References
1. Ito F, Sippel R, Lederman J, Chen H. The utility of intraoperative bilateral internal 

jugular venous sampling with rapid parathyroid hormone testing. Ann Surg. 
2007;245(6):959-63. http://dx.doi.org/10.1097/01.sla.0000255578.11198.ff. 
PMid:17522522.

2. Khan ZF, Lew JI. Intraoperative parathyroid hormone monitoring in the surgical 
management of sporadic primary hyperparathyroidism. Endocrinol Metab. 
2019;34(4):327-39. http://dx.doi.org/10.3803/EnM.2019.34.4.327. PMid:31884732.

3. Woodrum DT, Saunders BD, England BG, Burney RE, Doherty GM, Gauger 
PG. The influence of sample site on intraoperative PTH monitoring during 
parathyroidectomy. Surgery. 2004;136(6):1169-75. http://dx.doi.org/10.1016/j.
surg.2004.06.043. PMid:15657572.

4. Neves MC, Ohe MN, Rosano M, Abrahão M, Cervantes O, Lazaretti-Castro M, 
Vieira JG, Kunii IS, Santos RO. A 10-year experience in intraoperative parathyroid 
hormone measurements for primary hyperparathyroidism: a prospective study 
of 91 previous unexplored patients. J Osteoporos. 2012;2012:914214. http://
dx.doi.org/10.1155/2012/914214. PMid:22523718.

5. Ribeiro D, Lera M, Fonseca A, Neves M. Analysis of PTH serum concentration from 
internal jugular veins of patients with primary hyperparathyroidism. Archives 
of Head and Neck Surgery. 2019;48(2):e00222019. http://dx.doi.org/10.4322/
ahns.2019.0011.

6. Barczynski M, Konturek A, Cichon S, Hubalewska-Dydejczyk A, Golkowski F, 
Huszno B. Intraoperative parathyroid hormone assay improves outcomes of 
minimally invasive parathyroidectomy mainly in patients with a presumed 
solitary parathyroid adenoma and missing concordance of preoperative 
imaging. Clin Endocrinol. 2007;66(6):878-85. http://dx.doi.org/10.1111/j.1365-
2265.2007.02827.x. PMid:17437518.

7. Stalberg P, Sidhu S, Sywak M, Robinson B, Wilkinson M, Delbridge L. Intraoperative 
parathyroid hormone measurement during minimally invasive parathyroidectomy: 
does it “value-add” to decision-making? J Am Coll Surg. 2006;203(1):1-6. http://
dx.doi.org/10.1016/j.jamcollsurg.2006.03.022. PMid:16798481.

https://doi.org/10.1097/01.sla.0000255578.11198.ff
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17522522&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17522522&dopt=Abstract
https://doi.org/10.3803/EnM.2019.34.4.327
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31884732&dopt=Abstract
https://doi.org/10.1016/j.surg.2004.06.043
https://doi.org/10.1016/j.surg.2004.06.043
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15657572&dopt=Abstract
https://doi.org/10.1155/2012/914214
https://doi.org/10.1155/2012/914214
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22523718&dopt=Abstract
https://doi.org/10.4322/ahns.2019.0011
https://doi.org/10.4322/ahns.2019.0011
https://doi.org/10.1111/j.1365-2265.2007.02827.x
https://doi.org/10.1111/j.1365-2265.2007.02827.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17437518&dopt=Abstract
https://doi.org/10.1016/j.jamcollsurg.2006.03.022
https://doi.org/10.1016/j.jamcollsurg.2006.03.022
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16798481&dopt=Abstract


Caxeiro et al. Arch Head Neck Surg. 2021;50:e20210013. 6/6

PARATHYROID DESEASESAnalysis of central and peripheral PTH decay values in patients with primary 
hyperparathyroidism

8. Chen H, Pruhs Z, Starling JR, Mack E. Intraoperative parathyroid hormone testing 
improves cure rates in patients undergoing minimally invasive parathyroidectomy. 
Surgery. 2005;138(4):583-90. http://dx.doi.org/10.1016/j.surg.2005.06.046. 
PMid:16269285.

9. Jacobson SR, Van Heerden JA, Farley DR, Grant CS, Thompson GB, Mullan BP, 
Curlee KJ. Focused cervical exploration for primary hyperparathyroidism without 
intraoperative parathyroid hormone monitoring or use of the gamma probe. 
World J Surg. 2004;28(11):1127-31. http://dx.doi.org/10.1007/s00268-004-7469-2. 
PMid:15490069.

10. Foley CS, Moore EC, Milas M, Berber E, Shin J, Siperstein AE. Receiver operating 
characteristic analysis of intraoperative parathyroid hormone monitoring to 
determine optimum sensitivity and specificity: analysis of 896 cases. Endocr Pract. 
2019;25(11):1117-26. http://dx.doi.org/10.4158/EP-2019-0191. PMid:31414903.

11. Freitas LCC, Mamede RCM. Dinâmica da secreção de paratormônio após 
paratireoidectomia total e autotransplante [thesis]. Ribeirão Preto: Universidade 
de São Paulo, 2007.

*Correspondence
Giovanna Luiza Caxeiro 
Universidade Federal de São Paulo 
(UNIFESP), Departamento de 
Otorrinolaringologia e Cirurgia de 
Cabeça e Pescoço 
Rua Pedro de Toledo, 544, Vila 
Clementino 
CEP 04039-001, São Paulo (SP), Brasil 
Tel.: +55 (11) 94144-2828 
E-mail: giovanna_caxeiro@hotmail.
com

Authors information:
GLC - Resident of head and neck 
surgery, Universidade Federal de São 
Paulo (UNIFESP). RDR - Resident of 
head and neck surgery, Universidade 
Federal de São Paulo (UNIFESP). DKR - 
Head and neck surgeon, Universidade 
Federal de São Paulo (UNIFESP).

https://doi.org/10.1016/j.surg.2005.06.046
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16269285&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16269285&dopt=Abstract
https://doi.org/10.1007/s00268-004-7469-2
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15490069&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15490069&dopt=Abstract
https://doi.org/10.4158/EP-2019-0191
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31414903&dopt=Abstract

