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Abstract: Post-thyroidectomy hypocalcemia is a frequent complication with significant morbidity,
and has been shown to increase hospital stay and readmission rates. The evaluation of serum
parathyroid hormone (PTH) levels after thyroidectomy represents a reliable method to predict post-
thyroidectomy hypocalcemia, but it remains infrequently used. This retrospective study investigates
serum PTH values 3 h after thyroidectomy as a predictor of hypocalcemia. In this study, we enrolled
141 patients aged between 27 and 71 years eligible for total thyroidectomy who presented with multin-
odular goiter, suspicious nodule on cytological examination, Graves’ disease, or toxic multinodular
goiter. Three hours after total thyroidectomy, 53 patients (37.6%) showed a reduction in serum PTH.
Of these patients 75.5% developed hypocalcemia by 24 h after surgery and 100% were hypocalcemic
after 48 h (p < 0.001). There was no significant difference attributable to the different thyroid diseases,
nor to the age of the patients. PTH at 3 h after total thyroidectomy accurately predicts post-operative
hypocalcemia. The early detection of patients at risk of developing post-operative hypocalcemia
allows for prompt supplementation of calcium and Vitamin D in order to prevent symptoms and
allows for a safe and timely discharge.

Keywords: thyroid surgery; PTH levels; hypocalcemia post-thyroidectomy

1. Introduction

Hypocalcemia following thyroidectomy is a frequent complication with significant
morbidity and has been shown to increase hospital stay and readmission rates [1]. Post-
thyroidectomy hypocalcemia is due to hypoparathyroidism caused by devascularization
or inadvertent resection of the parathyroid glands [2]. Depending on the type of damage
and the number of glands involved, hypocalcemia may be transient or permanent. Preser-
vation of the parathyroid glands during thyroid resection requires accuracy, experience,
and expert knowledge of the neck anatomy [3]. The parathyroid glands vary in position
(inferior parathyroid glands being more widely distributed than the superior glands), num-
ber, size, shape, and color [4]. If a parathyroid gland is clearly ischemic or hemorrhagic,
auto-transplantation should be considered after confirmatory histological examination.
Surgical samples should always be investigated for parathyroid tissue on the specimen,
as invertedly resected glands can be auto-transplantated at the end of the operation to
prevent long-term hypoparathyroidism [5,6]. Methods to prevent post-thyroidectomy
hypocalcemia remain debated among surgeons, and multiple protocols have been pro-
posed. Some surgeons prefer to administer calcium and/or vitamin D only in patients with
symptoms of hypocalcemia or corrected serum calcium less than 8.5 mg/dL [7]. Others pre-
fer prophylactic calcium supplementation to prevent postoperative hypocalcemia without
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routine laboratory tests [8]. Finally, some surgeons use serum parathyroid hormone (PTH)
values to identify patients that require calcium and/or vitamin D supplementation [9,10].
PTH is an 84-amino acid protein secreted by the parathyroid glands in order to maintain
calcium homeostasis. PTH secretion is increased in response to low serum calcium levels
due to calcium receptors, present on the parathyrocytes, which regulate PTH secretion
through a direct feedback mechanism based on the extracellular calcium ion concentration.
In brief, the main role of the PTH is to induce the bones to release more ionic calcium
and stimulate the kidney and intestines to reabsorb calcium (Figure 1). A decrease in
PTH levels may induce a clinically detectable hypocalcemia delayed for up to 48 h after
the hypoparathyroidism. The development of hypocalcemia depends on several factors,
including the catabolism of PTH (some PTH particles continue to have biological activ-
ity), vitamin D levels, and the presence of bone mineral disorders [11,12]. These factors
are important for surgeons to take into account in order to prevent the development of
post-thyroidectomy hypocalcemia. As previously described, the routine administration
of calcium and/or vitamin D in the post-operative period (regardless of serum calcium
levels) meaningfully reduces the incidence of symptomatic hypocalcemia. At the same
time, the routine use of calcium and/or vitamin D supplementation could be considered
overtreatment, as not all patients need calcium and/or vitamin D after thyroidectomy.
The assessment of early post-operative serum PTH helps predict the subsequent develop-
ment of hypocalcemia. This allows for selective and appropriate early supplementation
to reduce the risk of symptoms or complications, while facilitating early postoperative
discharge. This study aims to evaluate the capacity of early serum PTH to predict the
development of post-surgical hypocalcemia after thyroidectomy.

Figure 1. Serum PTH levels are tightly regulated by a negative feedback loop. PTH is secreted by the
parathyroid glands as serum calcium levels drop, inducing the bones to release more ionic calcium
and stimulating the kidney and intestine to reabsorb calcium. The release of PTH is reduced as serum
calcium levels increase.

2. Materials and Methods
2.1. Recruitment of Patients

Study patients were recruited prospectively at the Department of Surgical Sciences of
the Umberto I Hospital in Rome. We enrolled 141 patients aged between 27 and 71 years
who underwent total thyroidectomy for multinodular goiter (MNG), a suspicious nodule
(TC) on cytological examination after fine needle aspiration (according to the classification
of the Italian Society of Pathology and Diagnostic Cytopathology [13]), Graves’ disease,
or toxic (multi)nodular goiter (TG) (Table 1). We enrolled a similar number of patients for
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each category to statistically verify whether thyroid pathology may influence serum PTH
levels. Histological examination showed that all patients undergoing total thyroidectomy
for suspicious nodules were confirmed to have differentiated thyroid carcinoma (papillary
or follicular). Patients were excluded from the study if they had debilitating diseases
(advanced stage of diabetes, immunological diseases, or hematological disorders) or lack of
informed consent and/or authorization for the processing of personal data. All procedures
involving human participants were in accordance with the 1964 Helsinki declaration and its
later amendments, or comparable ethical standards, and with the ethical standards of the
ethics committee of the Umberto I Hospital of Rome that approved the study (Id number:
4240). All patients provided written informed consent for the use of clinical specimens for
medical research.

Table 1. Patient characteristics.

CATEGORY (n = 141) PATIENTS (N) PATIENTS (%)

Gender
Male 35 24.8

Female 106 75.2
Diagnosis

MNG 48 34.1
TC 46 32.6
TG 47 33.3

Age (Mean ± SD) 48.73 ± 13.44
Abbreviations: MNG: multinodular goiter, TC: thyroid cancer, TG: Graves’ disease and toxic (multi)nodular goiter.

2.2. Surgical Treatment

Surgical treatment was planned considering the cytological diagnosis, lymph node
involvement, and the number and the size of the suspicious nodule(s) (based on US of
the neck), age of patients, and history of prior head and neck irradiation. Though thyroid
lobectomy alone may be sufficient treatment for small, low risk, unifocal, intrathyroidal
papillary carcinomas in the absence of prior head and neck irradiation or radiologically or
clinically involved cervical nodal metastases, as suggested by ATA 2015 [14], we included
in this study only patients undergoing total thyroidectomy. Moreover, all patients requiring
neck dissection were excluded from this study in order to obtain a more homogeneous
population. The thyroidectomy was performed by only two surgeons experienced in
thyroid surgery to reduce operator variability.

2.3. PTH and Calcium Analyses and Hypocalcemia/Hypoparathyroidism Management

Serum PTH levels were obtained before the induction of anesthesia and again 3 h after
thyroidectomy. All tests were performed in the same laboratory with the same technique,
and they were usually ready within 1 h after collection. Serum calcium levels were detected
before surgery and at 24 and 48 h after the thyroidectomy. The normal range of serum
PTH levels was considered between 15 and 65 pg/mL, while the normal range of serum
calcium levels was between 8.5 and 10.5 mg/dl. All patients had serum PTH and calcium
levels within the normal range before surgery. After surgery, patients whose PTH was
<15 pg/mL and/or serum calcium was <8.5 mg/dL were considered for postoperative oral
calcium and vitamin D supplementation. A regimen of 400–1200 mg per day of elemental
calcium (1–3 g of calcium carbonate; i.e., 2–6 TUMS per day) or the equivalent in calcium
citrate (2000–6000 mg per day) administered orally in divided doses was usually sufficient.
Vitamin D (calcitriol, typically 0.25–0.5 mcg twice daily), was added to their regimen
in the case of a decrease in the serum calcium levels on sequential measurements or if
the values remained <7 mg/dL [15]. As chronic Mg deficiencies could influence PTH
secretion, we also evaluated the serum magnesium concentration in all patients before and
after thyroidectomy.
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2.4. Laboratory Analyses

The routine assay used for serum PTH analyses was an immunometric “sandwich-
type” to detect intact PTH (IMMULITE 2000 XPi Immunoassay System, Siemens). In brief,
these 2nd generation assays are based on two different monoclonal antibodies, linking
the amino-terminal and the carboxyl terminal site of PTH, respectively, to detect intact
PTH. These assays are typically the most common type used in hospital laboratories.
Serum calcium levels were determined by colorimetric assay.

2.5. Statistical Analyses

Data were analyzed using GraphPad version 5.0 software. Differences between the
samples before and after thyroidectomy were calculated with the unpaired Student’s t-test,
while the differences between the disease groups were calculated with the one-way ANOVA
test. The linear regression was used to assess the relation between PTH and calcium levels.
Significance was set at 95% confidence interval (p < 0.05).

3. Results
3.1. Study Population

Table 1 describes characteristics of the study population. Patients were predominately
female (75.2%), and the mean age was 48.73 ± 13.44 years. As previously described, to pre-
vent variation due to the type of surgery (total thyroidectomy, thyroid lobectomy or total
thyroidectomy plus total neck dissection), only patients undergoing total thyroidectomy
were enrolled. A comparable number of patients with each type of thyroid disease (multin-
odular goiter, thyroid cancer, and Graves’ disease or toxic (multi)nodular goiter) were en-
rolled. The MNG group was composed of 48 patients aged between 27–71 years old (mean
45.81 ± 13.61), the TC group was composed of 46 patients aged between 32–66 years old
(mean 48.65 ± 10.23) and the TG group of 47 patients 30–68 years old (mean 48.43 ± 10.62).
Each category was sex and age matched. Statistical analysis demonstrates that for each
group of disease the patients were correctly age and sex matched, and no difference was
detected between the groups (p = 0.42, Figure 2).

Figure 2. Age distribution and mean age for each category of disease. There was no significant
difference between the groups (p = 0.42). MNG: multinodular goiter, TC: thyroid cancer, TG: Graves’
disease or toxic (multi)nodular goiter.

3.2. Analyses of Serum Levels of PTH and Calcium

The serum PTH and calcium levels detected before surgery were homogenous and
within the normal range, and no statistical difference was observed between the groups
before thyroidectomy (p > 0.05). Three hours after total thyroidectomy, 53 patients (37.6%)
showed a reduction in serum PTH characterized by levels below the normal range. Forty pa-
tients (28.4% of the overall cohort and 75.5% (40/53) of patients with low PTH) demon-
strated a decrease in serum calcium levels 24 h after surgery (Table 2). By 48 h after
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surgery, all 53 patients with low post-operative PTH had low calcium (Table 3, p < 0.001).
As previously described, patients with a reduction in serum PTH or calcium after surgery
were treated with calcium and vitamin D supplementation. We did not report the time-
course of the calcium levels of those patients because the calcium values were influenced
by the calcium and vitamin D supplementation. In 88 patients (62.4%), the PTH level
remained within the normal range (15–65 pg/mL) after thyroidectomy with a mean level of
40.7 ± 15.6 pg/mL, followed by normal serum calcium level at 24 h (mean 9.6 ± 0.6 mg/dL)
and at 48 h (mean 8.9 ± 0.4 mg/dL). None of these patients required calcium or vitamin D
supplementation. Moreover, all patients presented normal values of serum magnesium
before and after thyroidectomy; no magnesium supplementation was required.

Table 2. Serum levels of PTH and the calcium after thyroidectomy.

BEFORE THYROIDECTOMY AFTER THYROIDECTOMY

PTH CALCIUM PTH 3 HOURS CALCIUM 24 HOURS

SERUM
LEVELS

Normal
(15–65 pg/mL)

Reduced
(<15 pg/mL)

Normal
(8.5–10.5 mg/dL)

Reduced
(<8.5 mg/dL)

Normal
(15–65 pg/mL)

Reduced
(<15 pg/mL)

Normal
(8.5–10.5 mg/dL)

Reduced
(<8.5 mg/dL)

Patients 141 (100%) 0 (0%) 141 (100%) 0 (0%) 88 (62.4%) 53 (37.6%) 101 (71.6%) 40 (28.4%)

Table 3. Serum calcium levels in patients with low PTH after thyroidectomy.

PTH REDUCED 3 HOURS AFTER THYROIDECTOMY (n = 53)

CALCIUM 24 HOURS
after Thyroidectomy

CALCIUM 48 HOURS
after Thyroidectomy

SERUM
LEVELS

Normal
(8.5–10.5 mg/dL)

Reduced
(<8.5 mg/dL)

Normal
(8.5–10.5 mg/dL)

Reduced
(<8.5 mg/dL)

Patients 13 (24.5%) 40 (75.5%) 0 (0%) 53 (100%)

3.3. Influence of MNG, TC and TG on PTH Levels

As previously described, 13 patients showed normal values of calcium 24 h after
thyroidectomy despite reduced levels of PTH, but after 48 h, all patients with a decreased
PTH after surgery had low calcium. Our data showed that the positive predictive value
(PPV) for PTH was 75.5% at 24 h and 100% at 48 h. To evaluate the role of thyroid pathology
(MNG, TC and TG) on PTH levels, we performed a one-way ANOVA test. In Table 3 are
reported the serum PTH values detected before and after thyroidectomy with respect to
the thyroid disease. The one-way ANOVA test showed us that no statistical difference
was detected among the groups. In particular, no difference in PTH values was detected
between patients affected by MNG, TC or TG before surgery (p = 0.93) nor after surgery
(Table 4, p = 0.06).

Table 4. Post-operative serum PTH, by thyroid pathology.

DIAGNOSIS PATIENTS
N

NORMAL PTH VALUES
N (%)

REDUCED PTH VALUES
N (%)

MNG 48 30 (62.5%) 18 (37.5%)
TC 46 31 (69.6%) 15 (32.6%)
TG 47 27 (77.3%) 20 (42.5%)

4. Discussion

The predominant indications for thyroidectomy are thyroid cancer, symptoms such
as compression of the trachea or difficulty swallowing, or thyroid dysfunction involving
the production of excess thyroid hormone (e.g., toxic nodule, toxic multinodular goiter,
and Graves’ disease). Although thyroidectomy is now considered a very safe surgery,
known complications can seriously compromise patients’ quality of life [16]. Postoperative
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hemorrhage [17,18], recurrent laryngeal nerve injury (RLN) [19] and hypocalcemia [20,21]
represent the most common adverse events after thyroidectomy. In this study, we focus
on the risk of postoperative hypocalcemia. This condition, in fact, represents the most
frequent complication of thyroid surgery with an incidence of up to 50% following total
thyroidectomy [22–25]. Post-thyroidectomy hypocalcemia is typically transient, but rarely
can become permanent. It can cause serious symptoms and increases the duration of hospi-
talization. Thus, its prevention is a key goal in thyroid surgery. As previously described,
hypocalcemia is the result of hypoparathyroidism, due to injury, removal, or accidental
devascularization of the parathyroid glands during surgery [26]. Previous studies have
reported that multiple factors, such as the type of disease, surgical technique, and the
surgeon’s experience, may contribute to rates of hypoparathyroidism [27,28]. Locally
invasive thyroid cancer requires more extensive surgery and increases the risk of com-
plications such as hypocalcemia [28,29]. In the case of cervical lymph node involvement,
neck dissection must be performed in addition to thyroidectomy, which also increases
the risk of post-operative hypocalcemia [30–32]. In our study, to minimize variability
due to type of surgery, we only included patients undergoing total thyroidectomy alone.
Moreover, surgeon experience is significantly associated with post-operative hypocal-
cemia [33]. To avoid the influence of surgeon experience, we included only the patients
of two surgeons with comparable endocrine surgery experience. The best time to evalu-
ate PTH after thyroidectomy in order to accurately predict post-operative hypocalcemia
remains under debate. The short half-life of PTH is well known, and this property is
frequently utilized during parathyroidectomy, wherein serum PTH is typically detected
just 10 min after parathyroid removal [34,35]. However, current literature suggests that
PTH evaluation 3–4 h after thyroidectomy may be optimal for predicting post-operative
hypocalcemia [36–38]. In this study, serum PTH drawn 3 h after surgery was predictive
of subsequent hypocalcemia. In 26.1% of patients underwent total thyroidectomy, we ob-
served a reduction in PTH 3 h after thyroidectomy, followed by a decrease in serum calcium
levels with an average PPV for PTH of 77.8% at 24 h and 100% at 48 h after the thyroidec-
tomy. There was a significant correlation between the 3-h postoperative PTH level and
the development of hypocalcemia within 48 h after surgery (p < 0.001). We demonstrated
that a single measurement of serum PTH performed 3 h after thyroidectomy was able
to predict the development of hypocalcemia 48 h in advance with an accuracy of 100%.
These data suggest that all patients with low levels of PTH after thyroidectomy could
benefit from early supplementation of calcium and vitamin D to prevent the development
of clinically significant hypocalcemia. The prevention of hypocalcemia would be expected
to reduce readmission for hypocalcemic symptoms, as well as the related hospitalization
costs [39]. Although low PTH after surgery has been previously shown to be associated
with symptomatic hypocalcemia, the routine analysis of post-thyroidectomy PTH is not
universally accepted. The major criticism is the lack of a clear PTH threshold for both cal-
cium and vitamin D supplementation. Some authors suggest that PTH may not be the only
determinant for the development of hypocalcemia and that other factors may play a major
role such as vitamin D deficiency [40], dietary habits [41], and other metabolic disorders
such as hypomagnesemia [42,43]. Hypomagnesemia is frequently associated with the use
of drugs such as aminoglycosides, cyclosporine, cisplatin, amphotericin B, ACE inhibitors,
proton pump inhibitors, and some diuretics (thiazides and loop) [44]. The metabolism
of magnesium is also influenced by conditions causing the alteration of plasma volume,
such as the osmotic diuresis observed in diabetes mellitus or increased gastrointestinal
losses, as well as in malabsorption syndromes [45]. Consequently, all these factors must be
considered in order to prevent post-thyroidectomy hypocalcemia, while PTH evaluation
should remain a marker for starting calcium and vitamin D supplementation after surgery.
We also showed that the serum PTH predicts post-thyroidectomy hypocalcemia regardless
of thyroid disease; no difference was observed in patients affected by MNG, TC or GD.
Our data suggest that the detection of PTH 3 h after thyroidectomy is a reliable marker to
predict post-surgical hypocalcemia and to prevent overtreatment of normocalcemia that
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occurs with routine calcium and/or vitamin D supplementation. Moreover, the routine
use of PTH for the early identification of hypocalcemia may help reduce the length of
hospitalization and associated costs, though further research will be required.

5. Conclusions

PTH <15 pg/mL at 3 h after total thyroidectomy accurately predicts post-operative
hypocalcemia. The early detection of patients at risk of developing post-operative hypocal-
cemia allows for prompt supplementation of calcium and Vitamin D in order to prevent
symptoms and allows for a safe and timely discharge.

Author Contributions: Conceptualization, A.M. and A.B.; methodology, A.M.; software, A.B.; inves-
tigation, A.M.; resources, A.N. and G.I.; data curation, A.M.; writing—original draft preparation,
A.M.; writing—review and editing, supervision, and project administration, A.M. and C.E.G.; fund-
ing acquisition, A.M., A.N. and G.I. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Umberto I Hospital ethics committee, (protocol code 4240).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Meyer, T.; Merkel, S.; Radespiel-Troeger, M.; Hohenberger, W. Dysfunction of calcium metabolism following resection of the

thyroid gland. An analysis of important risk factors. Zent. Chir. 2002, 127, 429–434. [CrossRef]
2. Caglià, P.; Puglisi, S.; Buffone, A.; Lo Bianco, S.; Okatyeva, V.; Veroux, M.; Cannizzari, A. Post-thyroidectomy hypoparathyroidism,

what should we keep in mind? Ann. Ital. Chir. 2017, 6, 371–381.
3. Koimtzis, G.D.; Stefanopoulos, L.; Giannoulis, K.; Papavramidis, T.S. What are the real rates of temporary hypoparathyroidism

following thyroidectomy? It is a matter of definition: A systematic review. Endocrine 2021, 73, 1–7. [CrossRef]
4. Baj, J.; Sitarz, R.; Łokaj, M.; Forma, A.; Czeczelewski, M.; Maani, A.; Garruti, G. Preoperative and Intraoperative Methods of

Parathyroid Gland Localization and the Diagnosis of Parathyroid Adenomas. Molecules 2020, 25, 1724. [CrossRef]
5. IIorio, O.; Petrozza, V.; De Gori, A.; Bononi, M.; Porta, N.; De Toma, G.; Cavallaro, G. Parathyroid Autotransplantation during

thyroid Surgery. Where we are? A Systematic Review on Indications and Results. J. Investig. Surg. 2019, 32, 594–601. [CrossRef]
6. Almquist, M.; Hallgrimsson, P.; Nordenström, E.; Bergenfelz, A. Prediction of permanent hypoparathyroidism after total

thyroidectomy. World J. Surg. 2014, 38, 2613–2620. [CrossRef]
7. Dedivitis, R.A.; Aires, F.T.; Cernea, C.R. Hypoparathyroidism after thyroidectomy: Prevention, assessment and management.

Curr. Opin. Otolaryngol. Head Neck Surg. 2017, 25, 142–146. [CrossRef] [PubMed]
8. Singer, M.C.; Bhakta, D.; Seybt, M.W.; Terris, D.J. Calcium management after thyroidectomy: A simple and cost-effective method.

Otolaryngol. Head Neck Surg. 2012, 146, 362–365. [CrossRef] [PubMed]
9. Zheng, J.W.; Cai, S.Y.; Song, H.M.; Wang, Y.L.; Han, X.F.; Wu, H.L.; Han, G.; Gao, Z.G. Clinical value of intact parathyroid

hormone levels on the first day after total thyroidectomy on prediction for permanent hypoparathyroidism. Zhonghua Wai Ke
Za Zhi 2020, 58, 626–630. [CrossRef] [PubMed]

10. Canu, G.L.; Medas, F.; Longheu, A.; Boi, F.; Docimo, G.; Erdas, E.; Calò, P.G. Correlation between iPTH Levels on the First
Postoperative Day after Total Thyroidectomy and Permanent Hypoparathyroidism: Our Experience. Open Med. 2019, 14, 437–442.
[CrossRef] [PubMed]

11. Schöfl, C. Update—Calcium Metabolism. Dtsch. Med. Wochenschr. 2019, 144, 1125–1132. [CrossRef] [PubMed]
12. Tinawi, M. Disorders of Calcium Metabolism: Hypocalcemia and Hypercalcemia. Cureus 2021, 13, e12420. [CrossRef] [PubMed]
13. Nardi, F.; Basolo, F.; Crescenzi, A.; Fadda, G.; Frasoldati, A.; Orlandi, F.; Palombini, L.; Papini, E.; Zini, M.; Pontecorvi, A.; et al.

Italian consensus for the classification and reporting of thyroid cytology. J. Endocrinol. Investig. 2014, 37, 593–599. [CrossRef]
[PubMed]

14. Haugen, B.R.; Alexander, E.K.; Bible, K.C.; Doherty, G.M.; Mandel, S.J.; Nikiforov, Y.E.; Pacini, F.; Randolph, G.W.; Sawka,
A.M.; Schlumberger, M.; et al. 2015 American Thyroid Association Management Guidelines for Adult Patients with Thyroid
Nodules and Differentiated Thyroid Cancer: The American Thyroid Association Guidelines Task Force on Thyroid Nodules and
Differentiated Thyroid Cancer. Thyroid 2016, 26, 1–133. [CrossRef]

http://doi.org/10.1055/s-2002-31972
http://doi.org/10.1007/s12020-021-02663-8
http://doi.org/10.3390/molecules25071724
http://doi.org/10.1080/08941939.2018.1441344
http://doi.org/10.1007/s00268-014-2622-z
http://doi.org/10.1097/MOO.0000000000000346
http://www.ncbi.nlm.nih.gov/pubmed/28267706
http://doi.org/10.1177/0194599811433557
http://www.ncbi.nlm.nih.gov/pubmed/22237298
http://doi.org/10.3760/cma.j.cn112139-20190822-00430
http://www.ncbi.nlm.nih.gov/pubmed/32727195
http://doi.org/10.1515/med-2019-0047
http://www.ncbi.nlm.nih.gov/pubmed/31231683
http://doi.org/10.1055/a-0833-9674
http://www.ncbi.nlm.nih.gov/pubmed/31416104
http://doi.org/10.7759/cureus.12420
http://www.ncbi.nlm.nih.gov/pubmed/33542868
http://doi.org/10.1007/s40618-014-0062-0
http://www.ncbi.nlm.nih.gov/pubmed/24789536
http://doi.org/10.1089/thy.2015.0020


Diagnostics 2021, 11, 1733 8 of 9

15. Orloff, L.A.; Wiseman, S.M.; Bernet, V.J.; Fahey, T.J.; Shaha, A.R.; Shindo, M.L.; Snyder, S.K.; Stack, B.C.; Sunwoo, J.B.; Wang,
M.B.; et al. American Thyroid Association Statement on Postoperative Hypoparathyroidism: Diagnosis, Prevention, and Manage-
ment in Adults. Thyroid 2018, 28, 830–841. [CrossRef] [PubMed]

16. Jørgensen, C.U.; Homøe, P.; Dahl, M.; Hitz, M.F. Postoperative Chronic Hypoparathyroidism and Quality of Life after Total
Thyroidectomy. JBMR Plus 2021, 5, e10479. [CrossRef]

17. Fan, C.; Zhou, X.; Su, G.; Zhou, Y.; Su, J.; Luo, M.; Li, H. Risk factors for neck hematoma requiring surgical re-intervention after
thyroidectomy: A systematic review and meta-analysis. BMC Surg. 2019, 19, 98. [CrossRef] [PubMed]

18. Suzuki, S.; Yasunaga, H.; Matsui, H.; Fushimi, K.; Saito, Y.; Yamasoba, T. Factors Associated with Neck Hematoma after
Thyroidectomy: A Retrospective Analysis Using a Japanese Inpatient Database. Medicine 2016, 95, e2812. [CrossRef]

19. Gunn, A.; Oyekunle, T.; Stang, M.; Kazaure, H.; Scheri, R. Recurrent Laryngeal Nerve Injury after Thyroid Surgery: An Analysis
of 11, 370 Patients. J. Surg. Res. 2020, 255, 42–49. [CrossRef]

20. Chen, Z.; Zhao, Q.; Du, J.; Wang, Y.; Han, R.; Xu, C.; Chen, X.; Shu, M. Risk factors for postoperative hypocalcaemia after
thyroidectomy: A systematic review and meta-analysis. J. Int. Med. Res. 2021, 49, 300060521996911. [CrossRef] [PubMed]

21. Jørgensen, C.U.; Homøe, P.; Dahl, M.; Hitz, M.F. High incidence of chronic hypoparathyroidism secondary to total thyroidectomy.
Dan. Med. J. 2020, 67, A11190647.

22. Merchavy, S.; Marom, T.; Forest, V.-I.; Hier, M.; Mlynarek, A.; McHugh, T.; Payne, R. Comparison of the incidence of postoperative
hypocalcemia following total thyroidectomy vs completion thyroidectomy. Otolaryngol. Head Neck Surg. 2015, 152, 53–56.
[CrossRef]

23. Arman, S.; Vijendren, A.; Mochloulis, G. The incidence of post-thyroidectomy hypocalcaemia: A retrospective single-centre audit.
Ann. R. Coll. Surg. Engl. 2019, 101, 273–278. [CrossRef]

24. Sciumè, C.; Geraci, G.; Pisello, F.; Facella, T.; Li Volsi, F.; Licata, A.; Modica, G. Complications in thyroid surgery: Symptomatic
post-operative hypoparathyroidism incidence, surgical technique, and treatment. Ann. Ital. Chir. 2006, 77, 115–122. [PubMed]

25. EEdafe, O.; Prasad, P.; Harrison, B.J.; Balasubramanian, S.P. Incidence and predictors of post-thyroidectomy hypocalcaemia in a
tertiary endocrine surgical unit. Ann. R. Coll. Surg. Engl. 2014, 96, 219–223. [CrossRef] [PubMed]

26. Păduraru, D.N.; Ion, D.; Carsote, M.; Andronic, O.; Bolocan, A. Post-thyroidectomy Hypocalcemia—Risk Factors and Manage-
ment. Chirurgia 2019, 114, 564–570. [CrossRef] [PubMed]

27. Kao, K.-T.; Ferguson, E.C.; Blair, G.; Chadha, N.K.; Chanoine, J.-P. Risk factors for the development of hypocalcemia in pediatric
patients after total thyroidectomy—A systematic review. Int. J. Pediatr. Otorhinolaryngol. 2021, 143, 110666. [CrossRef]

28. Qin, Y.; Sun, W.; Wang, Z.; Dong, W.; He, L.; Zhang, T.; Zhang, H. A Meta-Analysis of Risk Factors for Transient and Permanent
Hypocalcemia after Total Thyroidectomy. Front. Oncol. 2020, 10, 614089. [CrossRef]

29. Sun, R.; Sheng, J.; Zhou, Y.; Zhou, Y.; Cai, Y.; Shui, C.; Zeng, D.; Jiang, J.; Li, R.; Wang, X.; et al. Relationship between the extent
of central node dissection and parathyroid function preservation in thyroid cancer surgery. Gland Surg. 2021, 10, 1093–1103.
[CrossRef]

30. Cavanagh, J.P.; Bullock, M.; Hart, R.D.; Trites, J.R.; MacDonald, K.; Taylor, S.M. Incidence of parathyroid tissue in level VI neck
dissection. J. Otolaryngol. Head Neck Surg. 2011, 40, 27–33.

31. Barrios, L.; Shafqat, I.; Alam, U.; Ali, N.; Patio, C.; Filarski, C.F.; Bankston, H.; Clair, J.M.-S.; Luu, M.; Zumsteg, Z.S.; et al.
Incidental parathyroidectomy in thyroidectomy and central neck dissection. Surgery 2021, 169, 1145–1151. [CrossRef]

32. Ozemir, I.A.; Buldanli, M.Z.; Yener, O.; Leblebici, M.; Eren, T.; Baysal, H.; Alimoglu, O. Factors affecting postoperative hypocal-
cemia after thyroid surgery: Importance of incidental parathyroidectomy. North Clin. Istanb. 2016, 3, 9–14. [CrossRef]

33. Gorbea, E.; Goldrich, D.Y.; Agarwal, J.; Nayak, R.; Iloreta, A.M. The impact of surgeon volume on total thyroidectomy outcomes
among otolaryngologists. Am. J. Otolaryngol. 2020, 41, 102726. [CrossRef]

34. Carneiro, D.M.; Solorzano, C.C.; Nader, M.C.; Ramirez, M.; Irvin, G.L. Comparison of intraoperative iPTH assay (QPTH) criteria
in guiding parathyroidectomy: Which criterion is the most accurate? Surgery 2003, 134, 973–979, discussion 979–981. [CrossRef]

35. Richards, M.L.; Thompson, G.B.; Farley, D.R.; Grant, C.S. An optimal algorithm for intraoperative parathyroid hormone
monitoring. Arch. Surg. 2011, 146, 280–285. [CrossRef] [PubMed]

36. Sekar, S.; Belavendra, A.; Jacob, P.M. Early Discharge and Selective Calcium Supplementation after Thyroidectomy Based on
Post-Operative Day 1 Parathormone and Calcium Level: A Prospective Study. Indian J. Endocrinol. Metab. 2020, 24, 319–324.
[CrossRef] [PubMed]

37. Sahli, Z.; Najafian, A.; Kahan, S.; Schneider, E.B.; Zeiger, M.A.; Mathur, A. One-Hour Postoperative Parathyroid Hormone Levels
Do Not Reliably Predict Hypocalcemia after Thyroidectomy. World J. Surg. 2018, 42, 2128–2133. [CrossRef] [PubMed]

38. Soylu, S.; Teksoz, S. Earlier Prediction of Hypocalcemia by Postoperative Second Hour Parathyroid Hormone Level after Total
Thyroidectomy. Acta Endocrinol. 2020, 16, 250–255. [CrossRef] [PubMed]

39. Selberherr, A.; Scheuba, C.; Riss, P.; Niederle, B. Postoperative hypoparathyroidism after thyroidectomy: Efficient and cost-
effective diagnosis and treatment. Surgery 2015, 157, 349–353. [CrossRef] [PubMed]

40. Khatiwada, A.S.; Harris, A.S. Use of pre-operative calcium and vitamin D supplementation to prevent post-operative hypocal-
caemia in patients undergoing thyroidectomy: A systematic review. J. Laryngol. Otol. 2021, 1–6. [CrossRef]

41. Seely, C.R.; Leno, B.M.; Kerwin, A.L.; Overton, T.R.; McArt, J.A.A. Association of subclinical hypocalcemia dynamics with dry
matter intake, milk yield, and blood minerals during the periparturient period. J. Dairy Sci. 2021, 104, 4692–4702. [CrossRef]

http://doi.org/10.1089/thy.2017.0309
http://www.ncbi.nlm.nih.gov/pubmed/29848235
http://doi.org/10.1002/jbm4.10479
http://doi.org/10.1186/s12893-019-0559-8
http://www.ncbi.nlm.nih.gov/pubmed/31340806
http://doi.org/10.1097/MD.0000000000002812
http://doi.org/10.1016/j.jss.2020.05.017
http://doi.org/10.1177/0300060521996911
http://www.ncbi.nlm.nih.gov/pubmed/33779362
http://doi.org/10.1177/0194599814556250
http://doi.org/10.1308/rcsann.2018.0219
http://www.ncbi.nlm.nih.gov/pubmed/17147083
http://doi.org/10.1308/003588414X13814021679753
http://www.ncbi.nlm.nih.gov/pubmed/24780788
http://doi.org/10.21614/chirurgia.114.5.564
http://www.ncbi.nlm.nih.gov/pubmed/31670631
http://doi.org/10.1016/j.ijporl.2021.110666
http://doi.org/10.3389/fonc.2020.614089
http://doi.org/10.21037/gs-21-121
http://doi.org/10.1016/j.surg.2020.11.023
http://doi.org/10.14744/nci.2016.48802
http://doi.org/10.1016/j.amjoto.2020.102726
http://doi.org/10.1016/j.surg.2003.06.001
http://doi.org/10.1001/archsurg.2011.5
http://www.ncbi.nlm.nih.gov/pubmed/21422358
http://doi.org/10.4103/ijem.IJEM_172_20
http://www.ncbi.nlm.nih.gov/pubmed/33088754
http://doi.org/10.1007/s00268-017-4444-2
http://www.ncbi.nlm.nih.gov/pubmed/29290070
http://doi.org/10.4183/aeb.2020.250
http://www.ncbi.nlm.nih.gov/pubmed/33029245
http://doi.org/10.1016/j.surg.2014.09.007
http://www.ncbi.nlm.nih.gov/pubmed/25532435
http://doi.org/10.1017/S0022215121001523
http://doi.org/10.3168/jds.2020-19344


Diagnostics 2021, 11, 1733 9 of 9

42. Gong, W.; Lin, Y.; Xie, Y.; Meng, Z.; Wang, Y. Predictors of early postoperative hypocalcemia in patients with secondary
hyperparathyroidism undergoing total parathyroidectomy. J. Int. Med. Res. 2021, 49, 3000605211015018. [CrossRef] [PubMed]

43. Aygun, N.; Demircioglu, M.K.; Akgun, I.E.; Demircioglu, Z.G.; Caliskan, O.; Uludag, M. The Relationship of Magnesium Level
with the Recovery of Parathyroid Function in Post-thyroidectomy Hypoparathyroidism. Sisli Etfal Hast. Tip Bul. 2021, 55, 33–41.
[CrossRef]

44. Fiorentini, D.; Cappadone, C.; Farruggia, G.; Prata, C. Magnesium: Biochemistry, Nutrition, Detection, and Social Impact of
Diseases Linked to Its Deficiency. Nutrients 2021, 13, 1136. [CrossRef] [PubMed]

45. Barbagallo, M.; Veronese, N.; Dominguez, L.J. Magnesium in Aging, Health and Diseases. Nutrients 2021, 13, 463. [CrossRef]

http://doi.org/10.1177/03000605211015018
http://www.ncbi.nlm.nih.gov/pubmed/34038214
http://doi.org/10.14744/SEMB.2021.75983
http://doi.org/10.3390/nu13041136
http://www.ncbi.nlm.nih.gov/pubmed/33808247
http://doi.org/10.3390/nu13020463

	Introduction 
	Materials and Methods 
	Recruitment of Patients 
	Surgical Treatment 
	PTH and Calcium Analyses and Hypocalcemia/Hypoparathyroidism Management 
	Laboratory Analyses 
	Statistical Analyses 

	Results 
	Study Population 
	Analyses of Serum Levels of PTH and Calcium 
	Influence of MNG, TC and TG on PTH Levels 

	Discussion 
	Conclusions 
	References



