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 Background: Postoperative hypocalcemia caused by hypoparathyroidism is one of the most common morbidities of total 
thyroidectomy. The aim of this study was to analyze the kinetics and factors affecting PTH levels after total 
thyroidectomy and central neck dissection (CND).

 Material/Methods: We performed a retrospective study in 438 consecutive patients who underwent total thyroidectomy between 
January 2007 and December 2010. No patient had a history of thyroid or neck surgery. PTH and calcium levels 
were recorded 1 day before the operation, during the first 5 days, and during follow-up (2 weeks and 2, 6, and 
12 months).

 Results: PTH levels declined to 41.90% of its initial value on the first day after the operation. After surgery, PTH was 
correlated positively with calcium and inversely with phosphate levels from postoperative day 1 to 14. Based 
on clinical observation, using a PTH threshold of <7 ng/L on postoperative day 1 was predictive of persistent 
hypoparathyroidism, with sensitivity and negative predictive value 100%, but poor specificity (70.19%). CND 
increased the risk of transient hypoparathyroidism compared with total thyroidectomy alone. Patients with 
thyroiditis had an increased risk of permanent hypoparathyroidism compared with those without thyroiditis. 
Iatrogenic removal of the parathyroid glands increased the risk of permanent hypoparathyroidism compared 
with those without iatrogenic parathyroidectomy.

 Conclusions: PTH declined on the first day after thyroidectomy. PTH levels <7 ng/L on the first day after surgery might be 
associated with persistent hypoparathyroidism. CND, thyroiditis, and iatrogenic parathyroidectomy increased 
the risk of hypoparathyroidism.
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Background

Hypoparathyroidism is an acquired or inherited condition 
characterized by decreased levels of circulating parathyroid 
hormone (PTH) leading to hypocalcemia and slightly high-
er phosphate levels [1]. The most common cause of acquired 
hypoparathyroidism is the damaging, removal and/or devas-
cularization of the parathyroid glands, which may be second-
ary to a trauma or surgery to the thyroid, parathyroids or the 
neck [1]. Transient hypoparathyroidism is frequent (24.1%) 
after total thyroidectomy, while chronic hypoparathyroidism 
is rarer (1.2%) [2]. Hypocalcemia caused by hypoparathyroid-
ism is one of the most common and morbid complications af-
ter total thyroidectomy. Hypocalcemia may lead to severe and 
life-threatening condition, such as nephrocalcinosis, kidney 
stones, chronic kidney disease and myocardial dysfunction [1].

However, there is an ongoing controversy about the predictive 
power of post-surgery PTH levels for chronic hypoparathyroid-
ism. Hermann et al. [3] observed that the PTH levels reached 
a nadir 3h after surgery and that PTH measured 3 h after sur-
gery was superior in predicting the risk of transient or persis-
tent hypocalcemia than measurement at the end of the opera-
tion. However, the exact kinetics after surgery is still uncertain.

Predicting the risk of developing hypoparathyroidism is a chal-
lenge for the best care offered to patients, and is controversial. 
Indeed, some studies indicate that PTH levels measured during 
or shortly after surgery have a high predictive value [4–7], while 
others advocate daily calcium monitoring [8], calcium moni-
toring in selected patients only [9], or calcium monitoring only 
during the first postoperative 24 hours [10–12]. Another study 
showed that a serum calcium level £1.9 mmol/L on postopera-
tive day 2 and PTH <15 pg/mL on postoperative day 1 had high 
sensitivity and specificity for chronic hypoparathyroidism [2].

Therefore, the present study investigated the kinetics of se-
rum PTH before surgery and during the first 5 days after to-
tal thyroidectomy. The objective was to try to identify suitable 
cut-off levels for PTH in order to predict postoperative chron-
ic hypoparathyroidism, as well as the risk factors for postop-
erative hypoparathyroidism. In addition, the relationships be-
tween PTH secretion and serum calcium and phosphate were 
evaluated. The results of the present study might lead to a bet-
ter management of patients undergoing total thyroidectomy.

Material and Methods

Patients

Consecutive patients who underwent a total thyroidectomy 
for benign or malignant thyroid diseases (n=438) between 

January 2007 and December 2010 at the Department of Head 
and Neck Surgery of the Sir Run Run Shaw Hospital, Zhejiang 
University School of Medicine, were included in the present 
retrospective study. To be included in the study, patients had: 
1) to be diagnosed with a benign thyroid disease or with thy-
roid cancer, confirmed using imaging, pathology and/or blood 
biochemistry; 2) to have no history of thyroid or neck surgery; 
and 3) to have available blood results for the 5 days following 
surgery. Patients who underwent unilateral lobectomy, subto-
tal thyroidectomy, or completion thyroidectomy were excluded.

Preoperative evaluation was done in detail in each patient. 
Thyroid, central and lateral neck lymph nodes were examined 
by ultrasound. Ultrasound-guided fine needle aspiration was 
performed to confirm if a malignant or metastatic lesion was 
suspected. A computed tomographic scan was done from the 
mastoid of the temporal bone to the innominate artery if the 
lateral neck lymph node was considered metastatic. Vocal cord 
function was obtained by direct or indirect laryngoscopy. In ad-
dition, thyroid hormone function, parathyroid hormone, calci-
tonin and serum calcium were also measured.

This study was conducted in accordance with the declaration 
of Helsinki. This study was approved by the Ethics Committee 
of the Sir Run Run Shaw Hospital, Zhejiang University School 
of Medicine. Written informed consent was waived by the 
Committee.

Study design and outcomes

Patients were divided into 2 groups: with central neck dis-
section (CND) and without CND. Of the 438 patients, 381 un-
derwent total thyroidectomy and CND, and 57 underwent to-
tal thyroidectomy alone. The surgical procedure selected was 
decided according to the American Thyroid Association (ATA) 
guidelines [13]. Age, gender, pathology results, surgical pro-
cedure, parathyroid gland autotransplantation, and iatrogenic 
removal of the parathyroid glands were analyzed

In the present study, transient hypocalcemia was defined as 
Ca2+ <2.00 mmol/L or if the patient had hypocalcemia-related 
symptoms during the first day after surgery [14]. Although the 
normal Ca2+ range is 2.20–2.70 mmol/L, clinically significant hy-
pocalcemia is uncommon if Ca2+ levels are >2.00 mmol/L [15]. 
Patients with hypocalcemia-related symptoms received stan-
dard treatments for hypocalcemia. These treatments includ-
ed calcium supplements and, in cases of recalcitrant hypocal-
cemia, intravenous calcium gluconate.

Transient hypoparathyroidism was defined as serum PTH levels 
below the normal range during the first day after surgery [1]. 
In the present study, permanent hypoparathyroidism was di-
agnosed if: 1) serum PTH levels were below the normal range 
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or Ca2+ <2.00 mmol/L for more than 12 months; or 2) calcium 
and/or vitamin D supplementation were necessary to treat hy-
pocalcemia-related symptoms for more than 12 months [1,3].

Laboratory measurements

Blood samples were taken from each patient at 6 AM, 1 day 
before the operation, and on the first, second, third, fourth, 
and fifth postoperative days. Blood samples were also tak-
en daily after the first 5 days until discharge. Follow-up vis-
its were performed at 2 weeks and at 2, 6, and 12 months for 
patients whose serum PTH and/or Ca2+ levels remained below 
the normal or if the patients still needed calcium or vitamin D 
supplements for hypocalcemia-related symptoms. At 14 days, 
113 samples were taken, 78 at 2 months, 69 at 6 months and 
53 at 12 months. Follow-up was performed for all patients 
with hypocalcaemia until levels returned to the normal range.

Serum PTH levels were measured using a Cobas E601 autoan-
alyzer (Hitachi High-Technologies Corporation, Tokyo, Japan), 

and the normal range was 15.00–65.00 ng/L. Serum calcium 
was measured using an automated analyzer (Toshiba Medical 
Systems Corporation, Tochigi-ken, Japan), and the normal range 
was 2.20–2.70 mmol/L.

Statistical analysis

Continuous variables are presented as mean ±standard devia-
tion (SD) or median (range), and were analyzed using Friedman’s 
rank test or Student t-test, as appropriate. Categorical data 
are presented as frequencies, and were analyzed using the c2 
test. Pearson’s rho was used to test for correlations. P-values 
<0.05 were considered statistically significant.

Results

Patients’ characteristics

A total of 438 patients were included in the study including 
352 women and 86 men. Mean age was 46.7±11.6 years. The 
indications for surgery and the extent of thyroidectomy are 
shown in Tables 1 and 2. Autotransplantation of parathyroid 
tissue was performed in 39 patients (39 glands), at the sur-
geon’s discretion.

Perioperative parathyroid hormone and calcium levels

Figure 1 shows the perioperative kinetics of serum PTH and 
Ca2+ in the first 5 days and for up to 12 months after sur-
gery in all 438 patients who underwent total thyroidectomy. 
Perioperative PTH levels declined from 41.89 ng/L (100%) be-
fore operation to 17.55 ng/L (41.90% of the initial value) on 
the first day morning after operation (P<0.01). During the first 
5 days after surgery, there was a small but statistically signif-
icant increase compared with baseline values (P<0.01), up to 

Indications for surgery N

Euthyroid nodular goiter 9

Thyroiditis 3

Graves disease 45

Follicular thyroid carcinoma 4

Papillary thyroid microcarcinoma 172

Papillary thyroid carcinoma 201

Medullary thyroid carcinoma 2

Undifferentiated carcinoma of thyroid 2

Table 1.  Indications for thyroidectomy in the 438 included 
patients.

Variable Central neck dissection (n=381) No dissection (n=57) P-value

Gender (M/F) 79/302 7/50 0.134

Age, mean± SD (yr) 46.3±11.8 43.9±15.6 0.161

TT alone 0 57(1)

TT + ICND 177 (4)* 0

TT + ICND + LND 110 (3)* 0

TT + BCND 61 (2)* 0

TT + BCND + LND 33 (2)* 0

Parathyroid autotransplantation (n) 37 2 0.125

Table 2. Patient’s characteristics.

TT – total thyroidectomy; ICND – ipsilateral central neck dissection; BCND – bilateral central neck dissection; LND – lateral neck 
dissection. * Values in parentheses are the number of patients with permanent hypoparathyroidism.
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a value of 20.49 ng/L (48.90% of baseline). At the first follow-
up outpatient visit, PTH levels reached 26.03ng/L (62.14% of 
baseline) (Figure 1B). We also analyzed the data according to 
whether the patients had benign or malignant tumors and the 
serum PTH levels are presented in Figure 1C. The benign tumor 
group had a higher preoperative level of serum PTH, at 55.90 
ng/L, than the malignant tumor group, at 39.91 ng/L, and these 
remained separated by a similar amount but the overall trend 
of the decline in PTH then small increase as described above 
for the total cohort was followed by both groups.

The 39 patients who had parathyroid autotransplantation 
were analyzed separately. These patients had lower PTH lev-
els (14.85 ng/L on the first day after surgery). One patient de-
veloped permanent hypoparathyroidism. The others recovered 
with kinetics similar to those depicted in Figure 1.

The preoperative levels of PTH in the groups treated with differ-
ent surgical methods were 40.04±13.95 ng/L in the CND group 
and 39.67±16.17 ng/L in the lateral neck dissection (LND) group. 
There was no significant difference between them (P=0.427).

Serum Ca2+ values declined from 2.41 mmo/L (100%) before 
operation to 1.99 mmol/L (82.8% of baseline) on the first day 
after surgery, and reached a nadir on the second day after op-
eration (1.97 mmol/L, 81.8% of baseline) (P<0.01). During the 
first 5 days after surgery, a slight increase was observed, up to 
2.03 mmol/L (84.27% of baseline) (P<0.01) (Figure 1A). At the 
first follow-up outpatient visit, the Ca2+ values reached 2.22 
mmol/L (92.0% of baseline) (Figure 1B), a value similar to base-
line. However, at this time a number of patients were receiving 
calcium supplements, which probably interfered with the re-
sults. Mean serum PTH and Ca2+ levels were lower than the ini-
tial value at follow-up examinations, up to 12 months (Figure 
1B). This subsequent decline may be due to a negative selection 
bias: patients who did not feel ill tended to drop out. In con-
trast, patients with persistent symptoms were motivated to at-
tend follow-up. In fact, patient drop-out at 12 months was 88%.

Risk factors for hypoparathyroidism after total 
thyroidectomy

The risk of postoperative hypoparathyroidism in relation to 
neck dissection, thyroiditis, and iatrogenic removal of para-
thyroid glands were analyzed (Tables 3 and 4). CND increased 
the risk of transient hypoparathyroidism compared with total 
thyroidectomy alone (P<0.001), but did not increase the risk of 
permanent hypoparathyroidism (P=0.733). Total thyroidecto-
my and combined CND and lateral neck dissection (LND) also 
increased the risk of transient hypoparathyroidism compared 
with total thyroidectomy alone (P=0.002), but did not increase 
the risk of permanent hypoparathyroidism (P=0.514). However, 
LND in addition to CND did not increase the postoperative 

transient or permanent hypoparathyroidism risk compared 
with total thyroidectomy and CND (P=0.699 and P=0.582, re-
spectively). Patients with thyroiditis had increased risk of per-
manent hypoparathyroidism compared with those without 
thyroiditis (P=0.042), but not an increased risk of transient 
hypoparathyroidism (P=0.814). Iatrogenic removal of parathy-
roid glands increased the risk of chronic hypoparathyroidism 

70.00

60.00

50.00

40.00

30.00

20.00

10.00

0.00

PTH
Calcium

0 1 2
Time after surgery (days)

3 4 5

3.0

2.5

2.0

1.5

1.0

0.5

0.0

PT
H 

(n
g/

L)

Ca
2+

 (m
m

ol
/L

)

A

35.00

30.00

25.00

20.00

15.00

10.00

5.00

0.00
14 60 180 360

Time after surgery (days)

PTH
Ca2+

3.0

2.5

2.0

1.5

1.0

0.5

0.0

PT
H 

(n
g/

L)

Ca
2+

 (m
m

ol
/L

)

B

Benign
Malignant

0 1 2
Time after surgery (days)

3 4 5

90.00

80.00

70.00

60.00

50.00

40.00

30.00

20.00

10.00

0.00

PT
H 

(n
g/

L)

C

Figure 1.  Serum levels of calcium and parathyroid hormone 
(PTH) (A) during the perioperative period, and 
(B) during follow-up. (C) PTH levels during the 
perioperative period according to tumor malignancy. 
Time point 0 corresponds to the day before the 
surgery.
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compared with those without iatrogenic parathyroidectomy 
(P=0.018), but did not increase the rate of transient hypopara-
thyroidism (P=0.183).

Postoperative loss of the physiological correlation

On preoperative sampling in patients with no abnormality in 
PTH or calcium homeostasis, there was no correlation between 
PTH and serum calcium levels (r=–0.024, P=0.524) (Table 5). 
However, 1 day after surgery, a positive correlation was ob-
served (r=0.345, P<0.001) (Table 5). After surgery, this signif-
icant (P<0.01) positive correlation was maintained for up to 
14 days (Table 5). As can be seen from Table 5, the correla-
tion was stronger on postoperative day 4 and subsequently 
gradually weakened.

On preoperative sampling in patients with no abnormality 
in parathyroid secretion or serum phosphate homeostasis, 
there was no correlation between PTH and phosphate levels 
(r=–0.062, P=0.093) (Table 5). However, 1 day after surgery, a 
negative correlation was found (r=–0.236, P<0.001) (Table 6). 
After surgery, this significant (P<0.01) negative correlation was 
maintained for up to 14 days (Table 5). As can be seen from 
Table 5, the correlation become stronger in the first 5 days af-
ter surgery and subsequently weakened on day 14.

Chronic hypoparathyroidism

Twelve (2.74%) of the 438 patients who underwent total thy-
roidectomy and neck dissection developed chronic hypopara-
thyroidism. Patients with chronic hypoparathyroidism had a 

Variable N
Transient hypoparathyroidism

No. (%) P-values OR 95% CI

TT alone vs. 57  17 (29.82%) <0.001 2.980 1.599–5.544

TT + CND 238  133 (55.88%)

TT alone vs. 57  17 (29.82%) 0.002 2.745 1.425–5.289

TT + CND+LND 143  77 (53.85%)

TT + CND vs. 238  133 (55.88%) 0.699 0.921 0.607–1.397

TT + CND+LND 143  77 (53.85%)

Thyroiditis vs. 38  19 (50.00%) 0.814 0.923 0.474–1.796

Without thyroiditis 400  208 (52.00%)

Iatrogenic parathy-roid removal vs. 123  70 (56.91%) 0.183 1.329 0.874–2.022

Without incidental parathyroid excision 315  157 (49.84%)

Table 3. Risk factors for transient hypoparathyroidism after thyroidectomy.

OR – odds ratio; CI – confidence interval; TT – total thyroidectomy; CND – central neck dissection; LND – lateral neck dissection.

Variable N
Permanent hypoparathyroidism

N (%) P-values OR 95% CI

TT alone vs. 57  1 (1.75%) 0.733 1.448 0.171–12.273

TT + CND 238  6 (2.52%)

TT alone vs. 57  1 (1.75%) 0.514 2.029 0.232–17.759

TT + CND+LND 143  5 (3.50%)

TT + CND vs. 238  6 (2.52%) 0.582 1.401 0.420–4.676

TT + CND+LND 143  5 (3.50%)

Thyroiditis vs. 38  3 (7.89%) 0.042 3.724 0.964–14.388

Without thyroiditis 400  9 (2.24%)

Iatrogenic parathy-roid excision vs. 123  7 (5.69%) 0.018 3.741 1.164–12.022

Without iatrogenic parathyroid excision 315  5 (1.59%)

Table 4. Risk factors for permanent hypoparathyroidism after thyroidectomy.

OR – odds ratio; CI – confidence interval; TT – total thyroidectomy; CND – central neck dissection; LND – lateral neck dissection.
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pronounced perioperative decline in PTH levels, which was 
more important than in patients with transient hypoparathy-
roidism (Figure 2). However, there was also a smaller decline 
in PTH levels in patients with PTH levels within the normal 
range. Accordingly, the correlations shown in Tables 5 and 6 
were recalculated after excluding patients with transient or 
permanent hypoparathyroidism. This reanalysis showed that 
the correlations between PTH and serum Ca2+ disappeared 
and that the correlations between PTH and serum phosphate 
were still present during the first 3 days after surgery (Table 6).

As could be predicted from the decline in PTH level, the post-
operative decrease in serum Ca2+ levels was more important 
in patients with chronic hypoparathyroidism. In addition, PTH 
and serum Ca2+ levels were maintained at the lowest levels 
without increasing in the first 5 days after surgery in patients 
with persistent hypoparathyroidism (Figure 2).

Predictive value of postoperative Ca2+ and parathyroid 
hormone levels

Serum Ca2+ <2.0 mmol/l on day 1 after surgery had a sensitivity 
of 58.33% and a negative predictive value of 97.70% for per-
manent hypoparathyroidism. The specificity (49.77%) was lim-
ited and the positive predictive value (3.16%) was poor. Thus, 
a low postoperative Ca2+ level predicts neither that a patient 
will develop persistent hypoparathyroidism, nor a normal Ca2+ 
concentration excludes it.

When PTH levels on the first day after surgery were examined, 
all twelve patients who eventually developed persistent hypo-
parathyroidism had levels <7 ng/L. PTH levels <7ng/L on the 
first after surgery had a sensitivity of 100% and a negative 
predictive value of 100% for permanent hypoparathyroidism. 
The specificity (70.19%) was limited and the positive predictive 

Time
Before 

operation
POD1 POD2 POD3 POD4 POD5 POD14

Variable Correlation between PTH and calcium

Calcium

 rho –0.024 0.345 0.632 0.697 0.699 0.662 0.301

 P-values 0.524 <0.001 <0.001 <0.001 <0.001 <0.001 0.007

Variable Correlation between PTH and phosphate

Phosphate

 rho –0.062 –0.236 –0.421 –0.579 –0.693 –0.726 –0.522

 P-values 0.093 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Table 5. Correlations between PTH and calcium pre- and post-operation in patients without permanent hypoparathyroidism.

POD – postoperative day.

Time
Before 

operation
POD1 POD2 POD3 POD4 POD5 POD14

Variable Correlation between PTH and calcium

Calcium

 rho –0.079 –0.050 0.011 –0.065 0.005 –0.072 0.301

 P-values 0.308 0.482 0.875 0.373 0.945 0.316 0.007

Variable Correlation between PTH and phosphate

Phosphate

 rho 0.014 –0.251 –0.275 –0.150 –0.109 –0.195 –0.522

 P-values 0.854 <0.001 <0.001 0.039 0.133 0.006 <0.001

Table 6. Correlations between PTH and calcium and phosphate pre- and post-operation in patients with PTH in the normal range.

POD – postoperative day.
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value (8.63%) was poor. Thus, although a postoperative PTH 
level below 7 ng/L does not predict that a patient will devel-
op persistent hypoparathyroidism, PTH level above 7 ng/L on 
the first day after thyroidectomy excludes it.

Discussion

The aim of the present study was to analyze the kinetics and 
factors affecting PTH levels after total thyroidectomy and 
CND. Results showed that PTH levels declined to 41.90% of 
its initial value on the first day after operation. After surgery, 
PTH was correlated positively with calcium and inversely with 
phosphate levels from postoperative day 1 to 14. PTH below 7 
ng/L on postoperative day 1 was predictive of persistent hypo-
parathyroidism, with sensitivity and negative predictive value 
100%, but poor specificity (70.19%). CND increased the risk of 
transient hypoparathyroidism compared with total thyroidec-
tomy alone. Patients with thyroiditis had an increased risk of 
permanent hypoparathyroidism compared with those without 
thyroiditis. Iatrogenic removal of the parathyroid glands in-
creased the risk of permanent hypoparathyroidism compared 
with those without iatrogenic parathyroidectomy.

Considerable effort has been spent on the prevention of re-
current laryngeal nerve palsy after thyroidectomy [16–19], but 
postoperative hypoparathyroidism and its consequences re-
main widely underrated. Total thyroidectomy has been shown 
to be a significant risk factor for hypoparathyroidism and it oc-
curs more frequently in total thyroidectomy than in near-total 
or subtotal thyroidectomy [20]. Permanent loss of parathyroid 
function still occurs in 1.2% after total thyroidectomy plus bi-
lateral CND [2], and up to 16.2% according to some studies 

[21]. In the present study, 12 of 438 patients (2.74%) devel-
oped persistent hypoparathyroidism. Transient hypoparathy-
roidism was observed in 227 (51.83%) of the 438 patients.

During surgery, manipulations in the vicinity of the parathy-
roid gland may transiently compromise the blood flow to the 
gland or impair the venous efflux. These changes in blood sup-
ply are predicted to reduce the systemic availability of PTH. 
Conversely, the gland may be subjected to mechanical stress, 
which can result in the transient release of PTH. These oppo-
site changes may cancel each other and thus the mean PTH 
levels at the end of surgery may not reflect the real function 
of the reserved parathyroid. Hermann et al. [3] observed that 
PTH levels reached a nadir 3 h after surgery and that PTH mea-
sured 3 h after surgery was superior in predicting the risk of 
transient or persistent hypocalcemia to measurement at the 
end of the operation. In the present study, the PTH levels 
reached the nadir on the first day morning after surgery (10 
to 16 hours after surgery), and in the first 5 days after sur-
gery, there was a small but significant increase. From these 
results, it appears that the PTH levels on the first day morn-
ing after surgery could really reflect the function of the pre-
served parathyroid glands.

Several studies have addressed the question of when serum 
PTH should be measured to identify patients at risk of devel-
oping persistent hypocalcemia, but the early studies were not 
large enough [4,6,7,22–24]. One recent large prospective study 
of 523 patients concluded that subnormal PTH values 4 h af-
ter surgery did not predict postoperative hypocalcemia [25]. 
Another recent large prospective study of 402 patients con-
cluded that normal PTH levels 3 h after surgery and normal 
serum calcium levels on the first postoperative day ruled out 
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Figure 2.  Perioperative serum levels of (A) parathyroid hormone (PTH) and (B) calcium. Patients were grouped according to outcome: 
no hypoparathyroidism (n = 199), transient hypoparathyroidism (n = 227) and persistent hypoparathyroidism (n = 12). Time 
point 0 corresponds to the day before the surgery.
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persistent hypoparathyroidism [3]. In the present study, the ob-
servation period was sufficiently long (more than 12 months) 
to differentiate between patients with transient hypocalcemia-
related symptoms and those with persistent hypocalcaemia. 
Based on these observations, determination of PTH levels on 
the first day morning after surgery could be used to rule out 
the possibility of persistent hypocalcemia.

In the present study, CND increased the risk of transient hy-
poparathyroidism. This conclusion is supported by the find-
ings from Roh et al. [26] and Cavicchi et al. [27]. However, in 
the present study, CND did not increase the risk of chronic hy-
poparathyroidism. This phenomenon may be due to the small 
number of patients who underwent bilateral CND, which weak-
ened the impact of CND on parathyroid glands function. Roh 
et al. [28] reported that LND increased the rate of hypocalce-
mia after surgery. However, in the present study, LND did not 
increase the risk of transient or permanent hypoparathyroid-
ism. This phenomenon may be due to the efforts spent to pre-
serve the superior thyroid vessel and the middle thyroid veins 
during lateral neck dissection. Indeed, the blood supply of the 
superior parathyroid glands comes from the superior thyroid 
vessel, and the middle thyroid veins also play a role in blood 
efflux of the superior and inferior parathyroid glands [29,30].

Qasaimeh et al. [31] reported that malignant thyroid diseases 
were a risk factor for the iatrogenic removal of the parathy-
roid glands, and that iatrogenic parathyroidectomy increased 
the rate of transient hypocalcaemia after thyroidectomy. In 
the present study, the iatrogenic removal of the parathyroid 
glands increased the risk of permanent hypoparathyroidism. 
Careful examination of the surgical specimen intraoperative-
ly decreased the incidence of inadvertent parathyroidectomy 
during thyroidectomy [32]. Therefore, it is important to exam-
ine the resected specimen for overlooked parathyroid tissue 
that could be returned by autotransplantation.

In the present study, there was a positive correlation between 
calcium levels and circulating PTH concentrations after surgery. 
Therefore, in the majority of the patients, PTH secretion be-
came the driving force for maintaining serum calcium levels. 
The low serum calcium levels did not trigger an appropriate 
increase in PTH secretion, presumably because the secretory 
capacity of the parathyroid glands was insufficient. This im-
paired function was seen for up to 14 days in the entire study 
population, but was not seen in patients without postoperative 
hypoparathyroidism. This impaired function was aggravated in 
the first 4 days after surgery, and attenuated from the fifth day.

In addition to its effects on serum calcium, PTH is also the 
predominant regulator of serum phosphate. In humans, the 

change in serum phosphate levels in response to a change in 
PTH concentration is almost immediately detected, whereas 
the alteration in serum calcium levels may be delayed [33]. In 
the present study, there was a negative correlation between 
phosphate levels and circulating PTH concentrations after sur-
gery. This correlation was still observed for up to 3 days in pa-
tients without postoperative hypoparathyroidism, and for 14 
days if extended to the entire study population. The correlation 
was enhanced in the first 5 days after surgery. This temporal 
difference in the response of serum calcium and phosphate to 
circulating PTH makes serum phosphate a potentially valuable 
predictor of hypocalcaemia post-thyroidectomy.

Sensitivity analyses showed that PTH below 7 ng/L on post-
operative day 1 was predictive of persistent hypoparathyroid-
ism, with sensitivity and negative predictive value 100%, but 
poor specificity of 70.19%. However, more markers should be 
measured to achieve a model with a high predictive value. 
Indeed, a previous study showed that combining PTH levels 
(£15 pg/mL) on postoperative day 2 with calcium levels (£1.9 
mmol/L) on day 1 resulted in a sensitivity of 96.3%, specificity 
of 96.1%, positive predictive value of 86% and negative pre-
dictive value of 99%. In the present study, calcium had no pre-
dictive value for hypoparathyroidism. More research is neces-
sary to address this issue.

The present study suffered from some limitations. Even if the 
sample size was large, the number of patients who developed 
persistent hypoparathyroidism was small. In addition, the fol-
low-up study suffered from a selection bias: patients feeling 
well and with good calcium levels mostly dropped out, leaving 
the uncontrolled patients. In the present study, ionized calci-
um was not determined separately because this measurement 
requires sophisticated instrumentation that was not available 
routinely. Finally, the PTH threshold <7ng/L was determined 
based on clinical observation since the number of patients was 
too small to perform reliable ROC curve analyses. Further pro-
spective multicenter studies are necessary to correctly assess 
the role of PTH levels after thyroidectomy.

Conclusions

PTH declined on the first day after thyroidectomy. PTH levels 
<7 ng/L on the first day after surgery might be associated with 
persistent hypoparathyroidism. CND, thyroiditis, and iatrogenic 
parathyroidectomy increased the risk of hypoparathyroidism.
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