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ABSTRACT

Purpose: The usefulness of serum intact parathyroid hormone (iPTH) levels for predicting 
hypocalcemia after total thyroidectomy is well established. This retrospective cohort 
study aimed to identify the best time iPTH levels should be checked, and determine the 
postoperative day 1 iPTH level that most safely predict the development of permanent 
hypoparathyroidism after total thyroidectomy.
Methods: All consecutive patients who underwent total thyroidectomy in 2013–2015 were 
identified, retrospectively. iPTH was measured at 2 hours after thyroidectomy, and on 
postoperative days 1 and 2, and 12 months after surgery.
Results: In total, 730 patients were included. Their iPTH levels on postoperative day 2 
correlated better with postoperative day 1 levels (Pearson's r=0.915) than with iPTH levels at 
2 hours after total thyroidectomy (r=0.786). Fourteen patients had normal iPTH levels at 2 
hours after thyroidectomy but abnormal levels on postoperative days 1 and 2. On the other 
hand, 38 patients had abnormal iPTH levels at 2 hours after thyroidectomy but normal values 
on postoperative days 1 and 2. Receiver operating characteristic analysis showed that the 
iPTH value of 3.05 pg/mL best predicted permanent hypoparathyroidism (sensitivity, 92.9%; 
specificity, 99.7%). The safe cutoff value was 9.65 pg/mL (sensitivity, 70.9%; specificity, 100%).
Conclusion: A single measurement of iPTH on postoperative day 1 predicted patients at risk 
of transient hypocalcemia more accurately than measurements at 2 hours after surgery, and 
thus, can serve widely as a predictor of permanent hypoparathyroidism.
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INTRODUCTION

Hypocalcemia is the most common and sometimes the most severe postoperative 
complication of total thyroidectomy (1). It is defined as ionized calcium (iCa) levels 
that remain under 1.0 mmol/L or the development of clinical symptoms and signs (2). 
Hypocalcemia often increases the duration of hospital stay, overall cost of a thyroidectomy, 
need for frequent biochemical tests, and frequency of emergency room visit (3). It causes 
symptoms ranging from mild paresthesia and tingling to more severe tetany and convulsions 
(4). The incidence of transient hypoparathyroidism is 10%–30% and the rates of permanent 
hypoparathyroidism as high as 1%–2% has been reported (5).

The early identification of patients at risk of hypoparathyroidism after total thyroidectomy 
helps to determine who would benefit from early calcium (Ca) supplementation (6), 
thereby, reducing the discomfort associated with many blood tests and high treatment 
costs (7). Thus, it is important to identify individuals at risk of hypoparathyroidism after 
total thyroidectomy with high accuracy. However, the optimal approach for this remains 
poorly defined (8). Various protocols for diagnosing and managing post-thyroidectomy 
hypocalcemia have been reported (9). The conventional approach, which consists of clinical 
assessment and monitoring of serum Ca levels, is still commonly used (10). However, more 
recently, measurements of serum intact parathyroid hormone (iPTH) have been used 
to predict which patients are at risk of hypoparathyroidism after thyroidectomy (11). To 
ensure accurate prediction, it is important to determine the optimal time for measuring 
iPTH. Various studies have assessed the usefulness of iPTH measurements obtained during 
surgery, at 1, 4, and 6 hour intervals after surgery, and on the morning of postoperative 
day 1 (12-14). Nevertheless, the time point of iPTH measurement that best predicts the 
parathyroid function prognosis of patients remains unclear (15).

This retrospective cohort study was performed to identify the optimal time point for 
measuring iPTH, namely, the time point that most accurately and efficiently predicts the 
development of hypoparathyroidism after total thyroidectomy. We also determined the 
postoperative day 1 iPTH level that best and most safely predicted the development of 
permanent hypoparathyroidism after total thyroidectomy.

METHODS

1. Patients
All consecutive patients who underwent total thyroidectomy in a single center between 
January 2013 and January 2015 and were followed up for at least 12 months were reviewed. 
The following data were extracted: patient age and sex, tumor size, indication for surgery 
(benign vs. malignant lesion), extent of surgery (simultaneous central and/or lateral 
neck dissection), and the iPTH and Ca levels measured at 2 hours after surgery, and on 
postoperative days 1 and 2, and 12 months after surgery.

2. Surgical procedure
All surgical procedures were performed by a single experienced endocrine surgeon. Patients 
who underwent both conventional open thyroidectomy and Bilateral Axillo-Breast Approach 
(BABA) robotic thyroidectomy were included in the study. BABA robotic thyroid surgery 
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consists of endoscopic surgery with a robot system (16). In cases of proven malignant thyroid 
carcinoma underwent prophylactic ipsilateral central neck lymph node dissection. Modified 
radical neck dissection was performed when lateral neck lymph nodes metastasis was proven 
on pathological confirmation. In all cases, efforts were made to identify and preserve all of 
the parathyroid glands. Thus, the parathyroid gland dissection, separation of the glands from 
the thyroid capsule, and preservation of the parathyroid arteries were all performed carefully. 
Since the position of the superior parathyroid glands is constant but that of the inferior 
parathyroids is much more variable (17), the surgical approach was based on a thorough 
knowledge of the embryological development of the parathyroid glands.

3. Treatment protocols and management of hypocalcemia
Patients were usually admitted a day before or on the day of operation and were routinely 
discharged on the second postoperative day if they did not exhibit severe complications after 
the thyroidectomy. If patients had clinical symptoms of hypocalcemia and iPTH level of <15 
pg/mL after total thyroidectomy, they were started on medication, as follows. If symptomatic 
hypocalcemia developed during hospitalization, an intravenous infusion of calcium 
gluconate (1 mg/kg/hr) was administered. Patients with iPTH levels between 10 and 15 pg/
mL began oral calcium carbonate (500 mg of elemental Ca 2T bid) and hydroxycholecalciferol 
(0.5 μg 2T qd) treatment. Patients with iPTH levels <10 pg/mL were usually treated with oral 
Ca (500 mg of elemental Ca 2T qid) and hydroxycholecalciferol (0.5 μg 2T qd–bid). The oral 
Ca and hydroxycholecalciferol were later tapered on an outpatient basis.

4. ��Definitions of transient and permanent hypoparathyroidism and 
laboratory findings

The total serum Ca levels (including iCa levels), and iPTH levels were measured at 2 
hours after surgery and on postoperative days 1 and 2. We considered that iPTH level 
on postoperative day 2 is a true iPTH status of the patient and can determine transient 
hypoparathyroidism. The patients then visited the clinic 2 weeks after the operation for 
routine check, and thereafter were regularly followed up at 3–6 month intervals. Serum Ca 
levels, iCa levels, and iPTH levels were measured 3 and 12 months postoperatively. iPTH was 
measured using the Roche modular E170 System electrochemiluminescence immunoassay 
(Roche Diagnostics Ltd., Rotkreuz, Switzerland). The normal iPTH level in our laboratory 
ranges from 15 to 65 pg/mL. Transient postoperative hypoparathyroidism was defined as an 
iPTH level on the second postoperative day of <15 pg/mL. Permanent hypoparathyroidism 
was defined as absolute iPTH values of <15 pg/mL that lasted 12 months or longer, thus 
requiring long-term Ca supplementation.

5. Statistical analysis
The continuous demographic and clinical variables were expressed as mean (standard 
deviation) or as median (interquartile range). The categorical demographic and clinical 
variables were expressed as number (percentage). Correlations between iPTH levels at the 
various time points were assessed using Pearson's correlation analysis. Receiver operating 
characteristic (ROC) curve analysis was used to identify the postoperative day 1 iPTH 
cutoff levels for permanent hypoparathyroidism. Statistical analysis was performed using 
SPSS version 22.0 (Statistical Package for Social Sciences; SPSS Inc., Chicago, IL, USA). P 
values of <0.05 were considered to indicate statistical significance. All patients provided 
written informed consent for the study. This retrospective cohort study was approved by the 
Institutional Review Board (Approval No. B-1603-338-111).
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RESULTS

1. Patient characteristics
In total, 730 patients who underwent total thyroidectomy with or without lymph node 
dissection and were followed up for at least 12 months during the study period were enrolled. 
The median age was 47.2 (range, 34–59) years and 549 (75.2%) were female. The mean tumor 
size was 1.2±0.8 cm. Eighteen patients (18/730, 2.5%) underwent total thyroidectomy alone, 
578 (578/730, 79.2%) underwent total thyroidectomy with central lymph node dissection, and 
134 (134/730, 18.3%) underwent total thyroidectomy with modified radical neck dissection. 
The preoperative diagnosis was papillary thyroid carcinoma (n=673, 92.2%), medullary 
thyroid carcinoma (n=15, 2.1%), follicular thyroid carcinoma (n=7, 0.9%), and others (n=35, 
4.8%), including Graves' disease, benign huge goiter, and bilateral follicular adenoma.

Of the 730 patients, 237 (237/730, 32.5%) had transient hypoparathyroidism, as defined by 
a serum iPTH level of <15 pg/mL on the second postoperative day. Twenty-eight patients 
(28/730, 3.8%) developed permanent hypoparathyroidism, as indicated by the iPTH levels 12 
months after surgery. These patients required long-term oral Ca supplementation (Table 1).

2. �Correlations between postoperative iPTH levels at 2 hours after surgery, 
on postoperative days 1 and 2, and 12 months after surgery

While the iPTH level on postoperative day 2 correlated strongly with the iPTH level 2 hours 
after surgery (Pearson's correlation, r=0.786; P<0.001), it correlated more strongly with 
the iPTH level on the first postoperative day (r=0.915; P<0.001) (Fig. 1A and B). Thus, when 
transient hypoparathyroidism is defined as iPTH levels <15 pg/mL on postoperative day 2, the 
iPTH level on postoperative day 1 is a better predictor of transient hypoparathyroidism than 
the iPTH values at 2 hours after surgery.

Of the 730 patients, 52 (52/730, 7.1%) had discrepant iPTH levels 2 hours after surgery and 
on postoperative day 1. Of these 52 patients, 14 (14/52, 26.9%) had a normal iPTH level at 2 
hours after surgery, but this level was <15 pg/mL on postoperative days 1 and 2. Of these 14 
patients, 1 (1/14, 7.1%) developed permanent hypoparathyroidism. Thus, if the clinician had 
relied on only the measurement at 2 hours after operation to predict hypoparathyroidism, 
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Table 1. Clinical characteristics of the patients
Characteristic Value (n=730)
Sex (M:F) 181:549
Age (yr) 47.2 (34–59)
Tumor size (cm) 1.2±0.8
Extent of surgery

Total thyroidectomy 18 (2.5)
Total thyroidectomy with CND 578 (79.2)
Total thyroidectomy, CND, and MRND 134 (18.3)

Pathology
Papillary thyroid cancer 673 (92.2)
Medullary thyroid cancer 15 (2.1)
Follicular thyroid cancer 7 (0.9)
Others (graves, benign goiter, follicular adenoma) 35 (4.8)

Median follow-up (mon) 18.2 (12–38)
Transient hypoparathyroidism* 237 (32.5)
Permanent hypoparathyroidism† 28 (3.8)
CND = central neck dissection; MRND = modified radical neck dissection; iPTH = intact parathyroid hormone.
*Transient hypoparathyroidism was defined as a serum iPTH level of <15 pg/mL on postoperative day 2. 
†Permanent hypoparathyroidism was defined as a serum iPTH level of <15 pg/mL 12 months after surgery.
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14 patients with potential hypocalcemic symptoms would have been discharged without Ca 
supplementation, which could have been dangerous. The remaining 38 patients (38/52, 73.1%) 
who had discrepant iPTH levels 2 hours after surgery and on postoperative day 1 exhibited 
iPTH levels of <15 pg/mL 2 hours after surgery but normal levels on postoperative days 1 and 
2. None of these 38 patients developed permanent hypoparathyroidism (Table 2). Mean serum 
iCa level of the patients with and without transient hypoparathyroidism on postoperative day 1 
was 1.07±0.075 mmol/L and 0.97±0.091 mmol/L, respectively (P=0.492).

108https://jes-online.org https://doi.org/10.16956/jes.2017.17.3.104

Prediction of Hypoparathyroidism

A

iPTH on day 2

60

40

20

0 20 40 60 80

iP
TH

 2
 h

ou
rs

 a
fte

r s
ur

ge
ry

80
B

iPTH on day 2

60

40

20

0 20 40 60 80

iP
TH

 o
n 

da
y 

1

80

C

iPTH at 12 months 

60

40

20

0 20 40 60 80

iP
TH

 2
 h

ou
rs

 a
fte

r s
ur

ge
ry

80
D

iPTH at 12 months 

60

40

20

0 20 40 60 80

iP
TH

 o
n 

da
y 

1
80

Fig. 1. Correlations between the iPTH levels (A) at 2 hours after surgery and on postoperative days 2 (r=0.786; P<0.001), (B) on days 1 and 2 (r=0.915, P<0.001), (C) 
at 2 hours after surgery and 12 months (r=0.258; P<0.001), and (D) on day 1 and at 12 months (r=0.277, P<0.001). 
iPTH = intact parathyroid hormone.

Table 2. Clinical course of the patients with discrepant serum iPTH levels 2 hours after surgery and on postoperative day 1
Characteristic Normal iPTH at 2 hours after surgery  

but abnormal iPTH on day 1 (n=14)
Abnormal iPTH at 2 hours after surgery  

but normal iPTH on day 1 (n=38)
Transient hypoparathyroidism* 13 (92.9) 0 (0.0)
Permanent hypoparathyroidism† 1 (7.1) 0 (0.0)
iPTH = intact parathyroid hormone.
*Transient hypoparathyroidism was defined as a serum iPTH level of <15 pg/mL on postoperative day 2. †Permanent hypoparathyroidism was defined as a serum 
iPTH level of <15 pg/mL 12 months after surgery.
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The iPTH levels 12 months after surgery correlated significantly and positively with the 
iPTH levels 2 hours after surgery and on postoperative day 1 (r=0.258; P<0.001 and r=0.277; 
P<0.001, respectively) (Fig. 1C and D).

3. �Identification of the postoperative day 1 iPTH level that best predicts 
permanent hypoparathyroidism

ROC curve analysis was used to identify the iPTH level that best predicted permanent 
hypoparathyroidism. The postoperative day 1 iPTH level of 3.05 pg/mL predicted 
permanent hypoparathyroidism with a sensitivity of 92.9% and a specificity of 99.7%. 
The patients were then divided according to whether their postoperative day 1 iPTH 
level was < or ≥3.05 pg/mL (Fig. 2). All but 13 of the patients with postoperative day 1 
iPTH levels of <3.05 pg/mL developed permanent hypoparathyroidism. Adequate Ca 
supplementation is indicated in this group. The safest cutoff value of postoperative 
day 1 iPTH levels for permanent hypoparathyroidism was 9.65 pg/mL, which predicted 
permanent hypoparathyroidism with a sensitivity of 70.9% and a specificity of 100%. 
None of the patients with a postoperative day 1 iPTH level of >9.65 pg/mL had permanent 
hypoparathyroidism 12 months after surgery.

DISCUSSION

Parathyroid dysfunction that leads to symptomatic hypocalcemia after total thyroidectomy 
is a major concern. The clinical manifestations of hypoparathyroidism after thyroidectomy 
depend on the extent of hypocalcemia and the rapidity of hypocalcemia onset (18). Patients 
with transient hypocalcemia may present with symptoms that range from mild (such as 
numbness of the distal extremities, circumoral paresthesia, and carpopedal spasm) to severe 
(such as confusion, delirium, and seizure) (18). Manifestations of chronic hypocalcemia 
include basal ganglia calcifications, cataracts, and dental abnormalities (19-21).
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Fig. 2. Performance of day 1 iPTH level analyzed by ROC curve analyses. 
iPTH = intact parathyroid hormone; ROC = receiver operating characteristic; AUC = area under the curve.
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Although hypoparathyroidism after total thyroidectomy reverses spontaneously within a 
few months in most cases, in a few patients, it persists for more than 1 year and must be 
considered permanent. In these cases, to avoid the subtle but potentially lethal complications 
of chronic hypocalcemia, lifelong therapy and follow-up are mandatory. However, long-term 
Ca supplementation can also cause substantial discomfort and various side effects, including 
gastrointestinal side effects (mainly constipation), renal calculi, and myocardial infarction (22).

The parathyroid insufficiency that leads to postsurgical hypocalcemia is due to 
intraoperative damage to the parathyroid glands that is caused by mechanical or thermal 
trauma, accidental resection, and/or, most commonly, parathyroid devascularization (23). To 
minimize parathyroid injury, many surgical techniques have been developed and a variety 
of techniques have been used such as intraoperative carbon nanoparticles injections, 
methylene blue infusion, technetium-99m-sestamibi localization using a hand-held gamma 
probe, and optical coherence tomography (24-27).

Several recent studies evaluated the ability of early postoperative iPTH levels to predict 
hypocalcemia. Grodski and Farrell (28) prospectively investigated 76 patients undergoing total 
or completion thyroidectomy by monitoring the iPTH levels between 4 and 12 hours after 
surgery. They concluded that a single parathyroid hormone (PTH) measurement at this time 
point accurately predicts the patients who are at risk of hypocalcemia. Lombardi et al. (12) also 
evaluated the early postoperative iPTH levels as an indicator of post-thyroidectomy hypocalcemia. 
They found that an iPTH level of <10 pg/mL 4 or 6 hours after surgery predicted postoperative 
hypocalcemia with a specificity of 100%, a sensitivity of 94%, and an overall accuracy of 98%.

However, the results of the present study showed that the iPTH levels 2 hours after surgery 
were not appropriate as an indicator of postoperative hypoparathyroidism: there were 52 
patients (52/730, 7.1%) whose iPTH levels 2 hours after surgery and on postoperative day 1 
did not coincide. Of these 52 patients, 14 (14/52, 26.9%) had normal iPTH levels at 2 hours 
after surgery but had iPTH <15 pg/mL on the first postoperative day. If the iPTH levels taken 
2 hours after surgery had been used to determine postoperative hypoparathyroidism, 
these patients would not have been given Ca supplementation and thus could have been 
at risk of hypocalcemia after surgery. Although postoperative hypocalcemia is self-limiting 
in most patients, if it is not properly treated, it can result in the most severe complications 
that are associated with total thyroidectomy. The remaining 38 patients (38/52, 73.1%) 
who had discrepant iPTH levels 2 hours after surgery and on days 1 exhibited low iPTH 
values at 2 hours after surgery that recovered to normal by the first postoperative day. 
Thus, in these patients, it may be unnecessary to administer Ca and hydroxycholecalciferol 
supplementation. Several studies describe that iPTH level at 6 hours after surgery is a good 
predictor of hypoparathyroidism. Even though iPTH levels at 6 hours after surgery has a 
value of predictor, it is difficult to obtain 6–12 hour postoperative iPTH levels, because the 
results are usually obtained in the evening or at night on the day of surgery.

By contrast, the present study showed that a single iPTH measurement on 
postoperative day 1 can accurately predict which patients are at risk of transient and 
permanent hypoparathyroidism after total thyroidectomy. This is because transient 
hypoparathyroidism is defined as a serum iPTH level of <15 pg/mL on the second 
postoperative day and the postoperative day 1 iPTH levels correlated particularly strongly 
with the postoperative day 2 levels. Moreover, postoperative day 1 iPTH value predicted 
permanent hypoparathyroidism with a high sensitivity and specificity.
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Several studies support the use of postoperative day 1 iPTH levels for identifying patients 
at risk of hypoparathyroidism after thyroidectomy. Cayo et al. (14) measured iPTH levels on 
the morning of postoperative day 1 and found that iPTH levels below 10 pg/mL accurately 
identified patients at risk of clinically significant hypocalcemia (odds ratio, 1.08). Moreover, 
in a retrospective study, Wang et al. (29) found that postoperative day 1 iPTH levels of <5.0 
pg/mL predicted the need for vitamin D supplementation for more than 1 month with a 
positive predictive value of 27%, sensitivity of 100%, and specificity of 80%. They suggested 
that serum iPTH levels obtained on the morning of the first postoperative day after total 
thyroidectomy may predict the development of hypocalcemia that requires vitamin D 
supplementation.

The limitation of using postoperative day 1 iPTH levels to predict clinically significant 
postoperative hypocalcemia is that it would be difficult to apply this protocol when seeking 
to discharge patients on the operative day because these values would not be available. 
Thus, the factors used to predict hypoparathyroidism depend on the medical center. 
Nevertheless, if postoperative day 1 iPTH values are available, they can serve as an accurate 
predictor of patients who are at risk of transient or permanent hypoparathyroidism after 
total thyroidectomy. In an outpatient basis center, however, it will be necessary to routinely 
prescribe oral Ca to ensure safety and reduce the cost of outpatient thyroid surgery.

We observed that several patients who had normal iPTH levels 2 hours after surgery 
exhibited a drop in the iPTH levels on the first postoperative day. This can probably be 
explained as follows. First, when parathyroid function is impaired, the Ca levels reach their 
nadir 3 days after surgical intervention while iPTH levels are lowest 3 hours after total 
thyroidectomy (30). Therefore, the normal postoperative iPTH levels at 2 hours after surgery 
may have reflected the remnant iPTH in the serum before it reached its nadir. Second, 
intraoperative injury to the parathyroid glands sometimes gradually impairs their function. 
By contrast, other patients had low iPTH values 2 hours after thyroidectomy but these 
values then normalized on the first postoperative day. This may reflect the fact that these 
patients only had relative parathyroid insufficiency that was probably due to temporary 
vasospasm during operation; in such patients, it is possible for parathyroid function to 
recover promptly after total thyroidectomy.

We also acknowledge that in many countries, including the United States, patients of 
thyroid surgery are discharged on the same day of the operation. The strong point of 
this study, however, lays in the fact that it is not possible to perform a study of this kind 
in those institutions performing same-day discharge. Based on the results of our study, 
transient hypoparathyroidism may occur in 26.9% of patients on the following day, even if 
the normal iPTH levels at 2 hours after the surgery. These patients can suffer mild to severe 
hypocalcemic symptoms at home which can be lethal sometimes. Therefore, it may be 
helpful to prescribe Ca supplement as an emergency medicine for patients discharging on 
the same day of total thyroidectomy.

CONCLUSION

A single iPTH measurement on postoperative day 1 predicted which patients were at 
risk of transient hypoparathyroidism better than measurements at 2 hours after surgery. 
Furthermore, it can serve widely as a predictor of permanent hypoparathyroidism.

111https://jes-online.org https://doi.org/10.16956/jes.2017.17.3.104

Prediction of Hypoparathyroidism

https://jes-online.org


REFERENCES

	 1.	 Asari R, Passler C, Kaczirek K, Scheuba C, Niederle B. Hypoparathyroidism after total thyroidectomy: a 
prospective study. Arch Surg 2008;143:132-7. 
PUBMED | CROSSREF

	 2.	 Warren FM, Andersen PE, Wax MK, Cohen JI. Intraoperative parathyroid hormone levels in thyroid and 
parathyroid surgery. Laryngoscope 2002;112:1866-70. 
PUBMED | CROSSREF

	 3.	 Pattou F, Combemale F, Fabre S, Carnaille B, Decoulx M, Wemeau JL, et al. Hypocalcemia following 
thyroid surgery: incidence and prediction of outcome. World J Surg 1998;22:718-24. 
PUBMED | CROSSREF

	 4.	 Raffaelli M, De Crea C, Carrozza C, D'Amato G, Zuppi C, Bellantone R, et al. Combining early 
postoperative parathyroid hormone and serum calcium levels allows for an efficacious selective post-
thyroidectomy supplementation treatment. World J Surg 2012;36:1307-13. 
PUBMED | CROSSREF

	 5.	 Sywak MS, Palazzo FF, Yeh M, Wilkinson M, Snook K, Sidhu SB, et al. Parathyroid hormone assay predicts 
hypocalcaemia after total thyroidectomy. ANZ J Surg 2007;77:667-70. 
PUBMED | CROSSREF

	 6.	 McLeod IK, Arciero C, Noordzij JP, Stojadinovic A, Peoples G, Melder PC, et al. The use of rapid 
parathyroid hormone assay in predicting postoperative hypocalcemia after total or completion 
thyroidectomy. Thyroid 2006;16:259-65. 
PUBMED | CROSSREF

	 7.	 Vanderlei FA, Vieira JG, Hojaij FC, Cervantes O, Kunii IS, Ohe MN, et al. Parathyroid hormone: an 
early predictor of symptomatic hypocalcemia after total thyroidectomy. Arq Bras Endocrinol Metabol 
2012;56:168-72. 
PUBMED | CROSSREF

	 8.	 Carr AA, Yen TW, Fareau GG, Cayo AK, Misustin SM, Evans DB, et al. A single parathyroid hormone level 
obtained 4 hours after total thyroidectomy predicts the need for postoperative calcium supplementation. 
J Am Coll Surg 2014;219:757-64. 
PUBMED | CROSSREF

	 9.	 Grodski S, Serpell J. Evidence for the role of perioperative PTH measurement after total thyroidectomy as 
a predictor of hypocalcemia. World J Surg 2008;32:1367-73. 
PUBMED | CROSSREF

	10.	 McCullough M, Weber C, Leong C, Sharma J. Safety, efficacy, and cost savings of single parathyroid 
hormone measurement for risk stratification after total thyroidectomy. Am Surg 2013;79:768-74.
PUBMED

	11.	 Del Río L, Castro A, Bernáldez R, Del Palacio A, Giráldez CV, Lecumberri B, et al. Parathyroid hormone as 
a predictor of post-thyroidectomy hypocalcemia. Acta Otorrinolaringol Esp 2011;62:265-73. 
PUBMED | CROSSREF

	12.	 Lombardi CP, Raffaelli M, Princi P, Santini S, Boscherini M, De Crea C, et al. Early prediction of 
postthyroidectomy hypocalcemia by one single iPTH measurement. Surgery 2004;136:1236-41. 
PUBMED | CROSSREF

	13.	 AlQahtani A, Parsyan A, Payne R, Tabah R. Parathyroid hormone levels 1 hour after thyroidectomy: an 
early predictor of postoperative hypocalcemia. Can J Surg 2014;57:237-40. 
PUBMED | CROSSREF

	14.	 Cayo AK, Yen TW, Misustin SM, Wall K, Wilson SD, Evans DB, et al. Predicting the need for calcium and 
calcitriol supplementation after total thyroidectomy: results of a prospective, randomized study. Surgery 
2012;152:1059-67. 
PUBMED | CROSSREF

	15.	 AES Guidelines 06/01 Group. Australian Endocrine Surgeons Guidelines AES06/01. Postoperative 
parathyroid hormone measurement and early discharge after total thyroidectomy: analysis of Australian 
data and management recommendations. ANZ J Surg 2007;77:199-202. 
PUBMED | CROSSREF

	16.	 Choi JY, Lee KE, Youn YK. Bilateral axillo-breast approach(BABA) endoscopic and robotic thyroid surgery. 
In: Linos D, Chung WY, editors. Minimally Invasive Thyroidectomy. Berlin: Springer; 2012. p.169-82.

	17.	 Palestro CJ, Tomas MB, Tronco GG. Radionuclide imaging of the parathyroid glands. Semin Nucl Med 
2005;35:266-76. 
PUBMED | CROSSREF

112https://jes-online.org https://doi.org/10.16956/jes.2017.17.3.104

Prediction of Hypoparathyroidism

http://www.ncbi.nlm.nih.gov/pubmed/18283137
https://doi.org/10.1001/archsurg.2007.55
http://www.ncbi.nlm.nih.gov/pubmed/12368632
https://doi.org/10.1097/00005537-200210000-00031
http://www.ncbi.nlm.nih.gov/pubmed/9606288
https://doi.org/10.1007/s002689900459
http://www.ncbi.nlm.nih.gov/pubmed/22422171
https://doi.org/10.1007/s00268-012-1556-6
http://www.ncbi.nlm.nih.gov/pubmed/17635281
https://doi.org/10.1111/j.1445-2197.2007.04183.x
http://www.ncbi.nlm.nih.gov/pubmed/16571088
https://doi.org/10.1089/thy.2006.16.259
http://www.ncbi.nlm.nih.gov/pubmed/22666731
https://doi.org/10.1590/S0004-27302012000300003
http://www.ncbi.nlm.nih.gov/pubmed/25053220
https://doi.org/10.1016/j.jamcollsurg.2014.06.003
http://www.ncbi.nlm.nih.gov/pubmed/18340480
https://doi.org/10.1007/s00268-008-9545-5
http://www.ncbi.nlm.nih.gov/pubmed/23896242
http://www.ncbi.nlm.nih.gov/pubmed/21496784
https://doi.org/10.1016/j.otoeng.2011.01.002
http://www.ncbi.nlm.nih.gov/pubmed/15657581
https://doi.org/10.1016/j.surg.2004.06.053
http://www.ncbi.nlm.nih.gov/pubmed/25078927
https://doi.org/10.1503/cjs.008013
http://www.ncbi.nlm.nih.gov/pubmed/23068088
https://doi.org/10.1016/j.surg.2012.08.030
http://www.ncbi.nlm.nih.gov/pubmed/17388819
https://doi.org/10.1111/j.1445-2197.2007.04018.x
http://www.ncbi.nlm.nih.gov/pubmed/16150247
https://doi.org/10.1053/j.semnuclmed.2005.06.001
https://jes-online.org


	18.	 Khan MI, Waguespack SG, Hu MI. Medical management of postsurgical hypoparathyroidism. Endocr 
Pract 2011;17 Suppl 1:18-25. 
PUBMED | CROSSREF

	19.	 Rastogi R, Beauchamp NJ, Ladenson PW. Calcification of the basal ganglia in chronic 
hypoparathyroidism. J Clin Endocrinol Metab 2003;88:1476-7. 
PUBMED | CROSSREF

	20.	 Rajendram R, Deane JA, Barnes M, Swift PG, Adamson K, Pearce S, et al. Rapid onset childhood cataracts 
leading to the diagnosis of autoimmune polyendocrinopathy-candidiasis-ectodermal dystrophy. Am J 
Ophthalmol 2003;136:951-2. 
PUBMED | CROSSREF

	21.	 Kinirons MJ, Glasgow JF. The chronology of dentinal defects related to medical findings in 
hypoparathyroidism. J Dent 1985;13:346-9. 
PUBMED | CROSSREF

	22.	 Reid IR, Bristow SM, Bolland MJ. Calcium supplements: benefits and risks. J Intern Med 2015;278:354-68. 
PUBMED | CROSSREF

	23.	 Lorente-Poch L, Sancho JJ, Ruiz S, Sitges-Serra A. Importance of in situ preservation of parathyroid glands 
during total thyroidectomy. Br J Surg 2015;102:359-67. 
PUBMED | CROSSREF

	24.	 Gu J, Wang J, Nie X, Wang W, Shang J. Potential role for carbon nanoparticles identification and 
preservation in situ of parathyroid glands during total thyroidectomy and central compartment node 
dissection. Int J Clin Exp Med 2015;8:9640-8.
PUBMED

	25.	 Kuriloff DB, Sanborn KV. Rapid intraoperative localization of parathyroid glands utilizing methylene blue 
infusion. Otolaryngol Head Neck Surg 2004;131:616-22. 
PUBMED | CROSSREF

	26.	 Grubbs EG, Mittendorf EA, Perrier ND, Lee JE. Gamma probe identification of normal parathyroid glands 
during central neck surgery can facilitate parathyroid preservation. Am J Surg 2008;196:931-5. 
PUBMED | CROSSREF

	27.	 Ladurner R, Hallfeldt KK, Al Arabi N, Stepp H, Mueller S, Gallwas JK. Optical coherence tomography as a 
method to identify parathyroid glands. Lasers Surg Med 2013;45:654-9. 
PUBMED | CROSSREF

	28.	 Grodski S, Farrell S. Early postoperative PTH levels as a predictor of hypocalcaemia and facilitating safe 
early discharge after total thyroidectomy. Asian J Surg 2007;30:178-82. 
PUBMED | CROSSREF

	29.	 Wang TS, Cayo AK, Wilson SD, Yen TW. The value of postoperative parathyroid hormone levels in 
predicting the need for long-term vitamin D supplementation after total thyroidectomy. Ann Surg Oncol 
2011;18:777-81. 
PUBMED | CROSSREF

	30.	 Roh JL, Park CI. Intraoperative parathyroid hormone assay for management of patients undergoing total 
thyroidectomy. Head Neck 2006;28:990-7. 
PUBMED | CROSSREF

113https://jes-online.org https://doi.org/10.16956/jes.2017.17.3.104

Prediction of Hypoparathyroidism

http://www.ncbi.nlm.nih.gov/pubmed/21134871
https://doi.org/10.4158/EP10302.RA
http://www.ncbi.nlm.nih.gov/pubmed/12679425
https://doi.org/10.1210/jc.2002-021804
http://www.ncbi.nlm.nih.gov/pubmed/14597064
https://doi.org/10.1016/S0002-9394(03)00479-3
http://www.ncbi.nlm.nih.gov/pubmed/3866776
https://doi.org/10.1016/0300-5712(85)90032-6
http://www.ncbi.nlm.nih.gov/pubmed/26174589
https://doi.org/10.1111/joim.12394
http://www.ncbi.nlm.nih.gov/pubmed/25605285
https://doi.org/10.1002/bjs.9676
http://www.ncbi.nlm.nih.gov/pubmed/26309638
http://www.ncbi.nlm.nih.gov/pubmed/15523436
https://doi.org/10.1016/j.otohns.2004.04.026
http://www.ncbi.nlm.nih.gov/pubmed/19095112
https://doi.org/10.1016/j.amjsurg.2008.07.026
http://www.ncbi.nlm.nih.gov/pubmed/24249200
https://doi.org/10.1002/lsm.22195
http://www.ncbi.nlm.nih.gov/pubmed/17638636
https://doi.org/10.1016/S1015-9584(08)60019-6
http://www.ncbi.nlm.nih.gov/pubmed/20957441
https://doi.org/10.1245/s10434-010-1377-5
http://www.ncbi.nlm.nih.gov/pubmed/16823862
https://doi.org/10.1002/hed.20444
https://jes-online.org

	INTRODUCTION
	METHODS
	2. Surgical procedure
	3. Treatment protocols and management of hypocalcemia
	4. Definitions of transient and permanent hypoparathyroidism and laboratory findings
	5. Statistical analysis

	RESULTS
	2. Correlations between postoperative iPTH levels at 2 hours after surgery, on postoperative days 1 and 2, and 12 months after surgery
	3. Identification of the postoperative day 1 iPTH level that best predicts permanent hypoparathyroidism

	DISCUSSION
	CONCLUSION
	REFERENCES


