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Abstract: Background: Hypocalcemia is a common complication following thyroidectomy. To explore reasonable and 
simple methods for predicting postoperative hypocalcemia and identify the optimal strategies for selective calcium 
supplement are meaningful for surgeon. Methods: Based on the NCCN risk stratification system, patients were 
divided into 4 groups (A-D): low-risk group A, who only underwent limited thyroidectomy (LT) and high-risk groups B, 
C and D, who had received total thyroidectomy (TT) and selective central and/or lateral neck dissection (SND). After 
surgery, group C patients were orally given calcium gluconate and group D patients were intravenously given calcium 
2 g/day for 7 days, while group B patients did not receive any calcium supplement. Serum calcium and parathyroid 
hormone (PTH) levels were collected before and after surgery. The incidence of asymptomatic and symptomatic 
hypocalcemia in each group was recorded. Results: A total of 132 patients with differentiated thyroid carcinoma 
(DTC) were included who received surgical treatment. No a significant change was observed in serum calcium and 
PTH levels in group A, while significant decreases in serum calcium and PTH levels were seen in group B (P < 0.05). 
Intravenous calcium supplement in group D resulted in a more rapid recovery in serum calcium levels (P < 0.05). 
The incidences of symptomatic hypocalcemia and asymptomatic hypocalcemia were significantly lower in group A 
and group D respectively compared to the other groups (All P values < 0.05). In group B, a highest asymptomatic and 
symptomatic hypocalcemia incidence was detected. Conclusion: Selective calcium supplementation for DTC based 
on NCCN risk stratification system could be recommended for the high-risk patients. 
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Introduction

Thyroid cancer, especially differentiated thyroid 
carcinoma (DTC), is the most common malig-
nancy in head and neck region. The incidence 
has increased markedly over the past several 
decades worldwide regardless of age and sex. 
Hypocalcemia is one of the most frequent com-
plications of thyroidectomy with a reported inci-
dence ranging from 5 to 60% [1]. Previous 
researches have reported that hypocalcemia is 
generally temporary in the first week after sur-
gery [2]. Common causes include devascular-
ization, damage and erroneous excision of the 
parathyroid glands during the operation due to 
the close proximity or direct involvement of the 
malignant tumor [3]. Hypocalcemia can be 

asymptomatic or symptomatic perioral or distal 
acral paresthesia, severe cramps, tetany, and 
convulsion. Although serum calcium levels in 
most patients spontaneously are recovered 
within a few months, it inevitably leads to 
delayed hospital discharge and potential read-
mission. Hypocalcemia in a few cases persists 
after one year and is thus considered as perma-
nent. In order to avoid hypocalcemia, current 
regimens include routine and selective calcium 
supplementation via oral or intravenous admin-
istration. Routine administration of supplemen-
tal calcium can lead to adverse effects such as 
constipation, nausea, and inhibition of PTH pro-
duction by a negative feedback mechanism [6]. 
In addition, frequent biochemical monitoring 
after hospital discharge can be burdensome. 
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Researchers propose a selective, rather than 
routine, calcium replacement therapy [7, 8]. 
Controversies remain whether a lack of imme-
diate intervention could precipitate the occur-
rence of hypocalcemia [4, 5]. Various factors 
have been reported to influence the risk of 
hypocalcemia. Early postoperative calcium 
level < 8 mg/dL [8, 9], intraoperative PTH level 
< 10 pg/mL [10] or preoperative 25-hydroxyvi-
tamin D (25-OHD) level (< 14 ng/mL) [11] may 
increase the risk of hypocalcemia. Thus, some 
researchers recommended a selective calcium 
supplementation according to the mentioned 
above independent risk factors. Nevertheless, 

these risk factors are still largely debatable. 
Others claim that there is no a significant asso-
ciation between these factors and hypocalce-
mia and they have yet adopted selective calci-
um supplement as a standard practice. 
Moreover, the variations in assays, time of 
measurements and cut off values further make 
comparisons more difficult between studies.

To our knowledge, the incidence of hypocalce-
mia mainly depends on the extent of surgery, 
which is performed upon the risk stratification 
systems. In addition, the methods and doses of 
calcium supplementation need to be taken into 

Figure 1. Breakdown of the cohort in this study.
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pathologic factors from risk stratification sys-
tem of National Comprehensive Cancer 
Network (NCCN) guidelines [12]. The study pro-
tocol was approved by the institutional review 
board of Sichuan Cancer Hospital. Informed 
consent was obtained from all the patients. 

Intervening measurement

Sequential therapies were performed based on 
NCCN risk stratification system from group A to 
D. Patients in the low-risk group A underwent LT 
such as lobectomy with isthmectomy. They did 
not receive postoperative calcium supplement. 
High-risk groups covered B, C and D. Patients in 
all these groups underwent TT and SND. 
However, the strategy of postoperative calcium 
supplement was different. Patients in group B 
received no calcium supplement. Patients in 
group C orally received 3 g daily calcium gluco-
nate supplement from the first day after the 
surgery and lasted for 7 days. Patients in group 
D had been treated with 2 g per-day intrave-
nous calcium gluconate for 7 days from the first 
day after the surgery (Figure 1).

account. This prospective study was conducted 
to compare the serum calcium and TSH levels 
between DTC patients who received different 
calcium supplement strategies according to the 
surgery extent and the NCCN risk stratification 
system. 

Methods

Study patients

A total of 132 DTC patients, who were patho-
logically confirmed and prospectively enrolled, 
were eligibly included according to the inclusion 
and exclusion criteria between March 1, 2012, 
and March 1, 2015 from a single-institution, 
Sichuan Cancer Hospital. The inclusion criteria 
included: a) Patients had initial treatment with-
out any surgical produces; b) Patients had 
stage from T1N0M0 to T3N1M0; c) Patients 
had postoperation pathological diagnosis, PTC 
or follicular thyroid carcinoma; d) Patients had 
normal thyroid function and basal metabolic 
rate; e) Patients had normal cardiac function, 
liver function and renal function; and f) At least 

one parathyroid was identified 
and preserved intraoperation. 
The exclusion criteria includ-
ed: a) Patients had history of 
previous head and neck relat-
ed surgery, irradiation or che-
motherapy; b) Patients had 
disease stage from T4N1M0 
to T4N1M1; c) Patients did 
receive preoperative calcium, 
25-hydroxyvitamin D or para-
thyroid hormone supplemen-
tation; d) Patients had con-
comitant parathyroid disease; 
e) Patients had related other 
thyroid diseases, such as 
acute, subacute or chronic 
thyroiditis; hashimoto’s thyroi- 
ditis;etc; f) Patients had hyper-
thyroidism or hypothyroidism; 
and g) Patients had hyper-
parathyroidism or hypopara-
thyroidism. These patients 
received the initial surgical 
treatment and were divided 
into four groups (group A, 
n=33; group B, n=30; group C, 
n=34; and group D, n=35) in 
accordance with the clinico-

Table 1. Patient basic and clinic features in both groups (Group A: 
low risk and groups B-D: high-risk)

Variables
Groups

P
A: low-risk (n, %) B-D: high-risk (n, %)

Gender < 0.05
    Male 2 (6.1) 29 (29.3)
    Female 31 (93.9) 70 (70.7)
    Age, M ± SD, y 42.5 (9.4) 43.6 (14.1) 0.67
Pathology
    Papillary 32 (97.0) 94 (94.9)
    Follicular 1 (3.0) 5 (5.1)
    Tumor size, M ± SD, cm 1.5 (0.8) 2.0 (1.4) 0.06
Multifocality < 0.05
    Yes 2 (6.0) 47 (48.0)
    No 31 (94.0) 52 (52.0)
Capsular invasion < 0.05
    Yes 0 (0) 43 (43.4)
    No 33 (100) 56 (56.6)
Affected lobes < 0.05
    Bilateral 1 (3.0) 35 (35.4)
    Unilateral 32 (97.0) 64 (64.6)
Tumor location 0.07
    Upper pole 6 (18.2) 39 (39.4)
    Middle 15 (45.5) 31 (31.3)
    Lower pole 12 (36.3) 29 (29.3)
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age was 43.3 ± 13.0 years old. A total of 126 
(95.5%) patients were diagnosed as PTC and 
the other 6 patients (4.55%) as follicular thyroid 
carcinoma. As shown in Table 1, there were sig-
nificant differences in gender, multifocality, 
capsular invasion, and affected lobes between 
the two groups (Group A vs. groups B-D) (All P 
values < 0.05), while the two groups were not 
significantly different in age, tumor sizes, and 
tumor location (All P values > 0.05). Asympto- 
matic hypocalcemia with transient decrease in 
serum calcium was recorded in 59 patients, 
while symptomatic hypocalcemia was observed 
in 29 patients. The rates of asymptomatic 
hypocalcemia and symptomatic hypocalcemia 
were statistically significant between the 
groups (all P values < 0.05) (Table 2). Serum 
calcium returned to normal level within a week 
in all patients. No patients had permanent 
hypocalcemia.

The level of preoperative serum calcium was 
2.38±0.12 mmol/L in all patients. There was a 
significant decrease in serum calcium levels  
on day 1-3 (2.10±0.18 mmol/L); day 4-7 
(2.14±0.20 mmol/L); and 7 days after surgery 
(2.21±0.19 mmol/L), respectively (all P values 
< 0.05). The mean values of serum calcium at 
any time during the first postoperative week for 
each group are showed in Table 3. Since the 
data did not meet the spherical symmetry (P < 
0.100), Greenhouse Geisser (GG) was used for 
degrees of freedom (DOF) correction. The dif-
ferences between the groups were statistically 
significant (P < 0.05). The mean values of pre-
operative PTH levels of all patients were 
42.43±16.12 pg/mL. After surgery, the mean 
values of PTH levels were 24.22±15.56 pg/mL 
(day 1-3), 26.37±13.97 pg/mL (day 4-7), and 
30.04±12.08 pg/mL (7 days after surgery), 
respectively. The preoperative and postopera-
tive PTH levels were significantly different 

Laboratory measurement

Routine serum calcium (reference normal 
range: 2.10-2.80 mmol/L) and parathyroid hor-
mone (PTH reference range, 15-65 pg/mL) lev-
els were measured in the hospital laboratory by 
standard methods with spectrophotometric 
techniques and paramagnetic particle chemilu-
minescent enzyme immunoassay. The serum 
calcium and parathyroid hormone (PTH) levels 
were collected on the day before surgery and 
three times after surgery (1-3 days, 4-7 days 
and over 7 days after surgery). Patients were 
considered to have postoperative asymptom-
atic hypocalcemia if at least once the postop-
erative serum calcium concentration was less 
than 2.10 mmol/L. Symptomatic hypocalcemia 
was defined as subjective or objective symp-
toms such as tingling, numbness or carpopedal 
spasm with laboratory hypocalcemia. Patients 
were all trained and educated for reporting the 
symptoms of hypocalcemia to the clinicians on 
time.

Statistical analysis

Statistical analysis was conducted using the 
Statistical Package for the Social Science 
(SPSS) software version 19.0, with statistical 
significance defined as P < 0.05. The Student’s 
t tests were used to compare the mean age 
between the groups. The chi-square test was 
applied in the analysis of categorical variables. 
For continuous variables, repeated measures 
analysis of variance was used to compare pre-
operative and postoperative biochemical lev-
els. The results were reported as mean values 
± standard deviation (Mean ± SD).

Results

Among 132 patients included in this study, 101 
were females and 31 were males. The mean 

Table 2. Asymptomatic and symptomatic hypocalcemia incidences in different groups

Group Total

Hypocalcemia
Asymptomatic

P
Symptomatic

PPositive Negative Positive Negative
N (%) N (%) N (%) N (%)

A 33 15 (45.5) 18 (54.5) P < 0.05 2 (6.1) 31 (93.9) P < 0.05
B 30 22 (73.3) 8 (26.7) 12 (40.0) 18 (60.0)
C 34 15 (44.1) 19 (55.9) 10 (29.4) 24 (70.6)
D 35 7 (20.0) 28 (80.0) 5 (14.3) 30 (85.7)
*Categorical variables are presented as n (%). The differences were statistical significant between individual groups (All P < 
0.05).
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Table 3. Comparison of patients’ blood calcium levels among the 4 groups (Mean ± SD)

Group Total
Serum calcium concentration (mmol/L) P

Before surgery After surgery
1-3 days 4-7 days > 7 days

A 33 2.37±0.08 2.15±0.17 2.23±0.15 2.29±0.11

P < 0.05
B 30 2.36±0.10 2.02±0.15 2.09±0.19 2.15±0.25
C 34 2.38±0.13 2.03±0.16 2.11±0.20 2.16±0.18
D 35 2.40±0.14 2.18±0.16 2.15±0.22 2.25±0.18
*Continuous variables are presented as mean ± SD. The differences were statistical significant between individual groups (All 
P < 0.05).

among the four groups (Table 4). Since the PTH 
levels did not meet the spherical symmetry (P < 
0.100), the GG was used for DOF correction, 
and the differences between the groups were 
statistically different (P < 0.05). 

Discussion 

The hypocalcemia-related symptoms are com-
mon after surgery in patients with thyroid can-
cer and have been an issue of great concern for 
surgeons. Although more studies have been 
reported for selective calcium supplementation 
in prevention of postoperative hypocalcemia 
among patients with DTC, early identification of 
patients at risk for postoperative hypocalcemia 
is crucial for optimal treatment.

Clinicopathologic factors affecting the develop-
ment of hypocalcemia includes age, gender, 
preoperative diagnosis, nodule size, etc [13, 
14], while some biochemical factors are con-
sidered the most important parameters of 
impending postoperative hypocalcemia. Daily 
monitoring of serum calcium has been used 
during the perioperative period. Due to the lack 
of predictability of serum calcium levels, some 
have implied PTH as a predictor for hypocalce-
mia. A single PTH level < 10 pg/mL on the first 
day after surgery could indicate the patients 

could be at risk [15]. It is been reported that 
delta PTH, which was defined as the values of 
PTH levels one-hour after surgery minus PTH 
levels before surgery, has a better sensitivity 
(87%), and a marginally better specificity (76%) 
one hour after surgery [16]. Surgical factors 
may contribute to the decrease in parathyroid 
function as well, such as the number of para-
thyroid gland autotrans plantation and preser-
vation [18]. Serum calcium decrease could be 
further exacerbated by extensive surgical dis-
section of thyroid and central neck dissection, 
since they not only bring a higher risk for acci-
dental excision of parathyroid glands but also 
endanger the arterial and venous vasculature 
of the parathyroid glands [19]. In spite of the 
abovementioned risk factors, to date, no pow-
erful or accurate indicators for parathyroid 
function have been identified. 

As many clinical practices about DTC are based 
on risk stratification system of guidelines, by 
categorizing patients into high-risk and low-risk 
groups. High-risk group is the patients who 
undergo TT and CND, while low-risk group is 
those with LT. Serum calcium concentration 
may also be affected by operation strategies. 
According to the risk stratification system, we 
divided 132 patients into four groups in this 
study. Of the 33 patients undergoing LT in 

Table 4. Comparison of patients’ parathyroid hormone levels among the 4 groups (Mean ± SD)

Group No
Parathyroid hormone level (pg/mL) P 

Before surgery After surgery
1-3 days 4-7 days > 7 days

A 33 45.84±20.40 35.53±17.43 33.93±14.03 36.94±13.37

P < 0.05
B 30 39.24±14.54 23.13±18.95 25.03±15.41 28.14±13.11
C 34 36.59±12.43 18.57±9.18 23.89±9.32 28.34±8.49
D 35 47.61±14.05 19.97±9.14 22.80±14.28 26.84±10.69
*Continuous variables are presented as mean (SD). The differences were statistical significant between individual groups (All 
P < 0.05).
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group A, we found serum calcium concentra-
tions at 1-3, 4-7, and > 7 days after surgery 
were not significantly different compared with 
normal preoperative levels. All patients in the 
four groups experienced decreases in serum 
calcium concentration and PTH levels. Serum 
calcium concentration reached a minimum dur-
ing 1-3 days after surgery and returned to  
normal levels after 7 days. When compared 
with groups A, serum calcium concentrations  
in group B were significantly lower at each  
time point. The trend was the same for the PTH 
monitoring. Higher incidences of postopera- 
tive asymptomatic and symptomatic hypocalce-
mia were also observed in group B. The inci-
dence of asymptomatic hypocalcemia in group 
B was significantly higher than that in group A. 
In group B, 12 (40%) patients had transient 
symptomatic hypocalcemia, while in group A, 
only 2 patients had transient symptomatic 
hypocalcemia (6.1%). The comparison between 
group A and B indicates that the increased risk 
of hypocalcemia may occur before treatment. 
Extensive thyroidectomy with SND may be 
associated with a greater decrease in postop-
erative serum calcium. This is in consistence 
with our results in a previous meta-analysis 
[20, 21]. The decrease may be from the vulner-
ability of parathyroid glands caused by aggres-
sive exploration in the capsule of thyroid and 
the central neck compartment, resulting in a 
high probability of unplanned parathyroidecto-
my or parathyroid gland devascularization. This 
finding will greatly help surgeons conveniently 
predict the possibility of postoperative asymp-
tomatic or symptomatic hypocalcemia before 
surgery and administer patients for treatment 
timely after operation. The high-risk patients 
are more likely to have postoperative hypocal-
cemia and may need calcium supplementation, 
while the low-risk patients may just need 
observation.

Another finding from this current study is to 
identify a safe dose and a convenient route of 
drug administration for selective calcium sup-
plementation in high risk patients. After com-
paring the results of the three high-risk groups, 
we found that the mean value of serum calcium 
levels of patients in group C, who had taken 
oral calcium supplement, restored only slightly 
quickly than that in group B. This is probably 
due to limited calcium absorption of the oral 
supplement or insufficient dosage provided in 
this study. However, compared to the group B, 

the group C had fewer asymptomatic (44.1% vs 
73.3%) and symptomatic (29.4% vs 40.0%) 
hypocalcemia cases, respectively. This indi-
cates that take of oral calcium supplement can 
possibly reduce the range of fluctuation of 
serum calcium concentration, despite the fact 
that the oral calcium has been known to cause 
nausea, decreased appetite, and constipation. 
The group D patients who had taken intrave-
nous calcium supplement had a higher serum 
calcium levels than the other three groups on 
1-3 days after surgery. The percentage of 
asymptomatic hypocalcemia patients in group 
D (20.0%) is also lower than that in the group A 
(45.5%). In addition, the number of patients 
with obvious symptomatic hypocalcemia is also 
lower than those in the group B and C. This indi-
cates that treatment of high-risk patients with 
2 g/day of intravenous calcium for 7 days after 
surgery may prevent hypocalcemia effectively. 

We also found that the change of PTH is corre-
lated with that of serum calcium change (data 
not shown). However, the magnitudes of PTH 
change were greater than serum calcium in all 
four groups. Interestingly, the PTH levels in 
high-risk groups B, C and D decreased more 
significantly than that in low-risk group A. The 
high-risk patients in groups C and D treated 
with calcium supplement had lower PTH levels 
compared to those in group B. It took longer for 
patients in group C and D to recover their PTH 
levels and this status was even prominent for 
patients who underwent intravenous supple-
ment. This is probably because the calcium 
supplementation or hypercalcemic conditions 
caused by overshoot of calcium supplement 
may suppress normal parathyroid hormone 
secretion and may result in prolonged suppres-
sion of PTH by negative feedback inhibition. 
Thus more attention needs to be paid to the 
PTH levels during calcium supplement process 
after surgery. The clinical management should 
aim to keep serum calcium levels within the 
low-to-normal range in order to prevent unwant-
ed PTH suppression. The PTH levels of all the 
patients in this study were within the normal 
range, which indicated that the dosage and fre-
quency of the calcium supplementation applied 
in the study were safe and effective. 

There are several limitations in this study. First, 
the incidence of symptomatic or asymptomatic 
hypocalcemia was based on the record of 
patients’ self-reported. As a result, under- and/
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or over-reporting of symptoms are possible and 
some symptoms might not be related to the 
serum calcium levels. Second, the severity of 
symptoms was not recorded. Therefore, it is dif-
ficult to correlate severity of symptoms with the 
need of calcium supplementation. Third, there 
were still some patients in low-risk group A met 
the criteria of asymptomatic and symptomatic 
hypocalcemia. Thus, the optimal management 
regimen remains unknown and requires further 
investigation. 

In summary, the findings of this prospective 
study demonstrated that NCCN multifactorial-
based risk stratification system plays an impor-
tant role in the development of postoperative 
hypocalcemia due to different extent of opera-
tion. Selective calcium supplementation for 
DTC based on NCCN risk stratification system 
could be recommended for the high-risk 
patients. Ultimately, we recommend that selec-
tive, rather than routine, calcium supplementa-
tion may be better and more achievable. 
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