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Abstract
Purpose The aim of this randomized-controlled trial was to
validate the results of a previous prospective single-cohort
observational study conducted in the same surgical unit re-
garding the use of concomitant intact parathyroid hormone
(iPTH) and serum calcium measurement in predicting hypo-
calcemia after total thyroidectomy.
Methods From January 2014 to January 2015, 150 patients
underwent total thyroidectomy in our department and were
randomized into two groups. The experimental group was
submitted to iPTH assay 6 h after surgery while the control
group was submitted to a daily assay of serum calcium and
phosphorus. Sensitivity and specificity of different serum
measurements have been calculated using the receiver-
operator characteristics (ROC) curve.
Results The prevalence of hypocalcemia was 14.25% in both
groups. The assay of iPTH 6 h after surgery combinedwith the
serum calcium assay 24 h after surgery yielded the highest
diagnostic accuracy in predicting hypocalcemia using ROC
curves, with 100% sensitivity and 100% specificity.
Conclusions According to our previous study, the combined
measurement of iPTH 6 h after surgery and of serum calcium
24 h after surgery are highly predictive of early postoperative
hypocalcemia. These results are important in selecting the

patients eligible for early discharge and those who need calci-
um and vitamin D supplementation.
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Introduction

Hypocalcemia is the most common complication after thyroid
surgery, with a prevalence that varies from 1.6 to 68.0% [1, 2].
This complication is also the most unpredictable one in terms
of onset, duration, and clinical manifestation. Hypocalcemia
usually occurs in the second postoperative day thus requiring
prolonged hospitalization [3, 4].

After thyroid surgery, it is common practice to monitor
patients for clinical signs or symptoms of hypocalcemia and
to assess both serum calcium and phosphorus levels [3, 5].
The need for daily measurements could be avoided by defin-
ing a laboratory test that can identify, within 24 h from the
operation, the patients with hypocalcaemia, who would be the
only ones to need further measurements for tracking treatment
success.

A prospective, single-cohort observational study conduct-
ed in our department showed the importance of the combined
assay of intact parathyroid hormone (iPTH) 6 h after surgery
and serum calcium levels 24 h after surgery as a predictor of
hypocalcaemia [6]. The aim of this randomized controlled trial
was to validate the results of the previous study by randomi-
zation of 150 patients to either a daily assay of serum calcium
and phosphorus, or to a combined assay of iPTH at 6 h after
total thyroidectomy and serum calcium 24 h after surgery.
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Material and methods

Patients and exclusion criteria

All patients who underwent total thyroidectomy from January
2014 to January 2015 (168) and met inclusion criteria (150)
were enrolled in the current trial and randomly assigned to a
daily assay of serum calcium and phosphorus or to a com-
bined measurement of iPTH 6 h after surgery and of serum
calcium 24 h after surgery (Fig. 1). The randomization plan
was generated using the online software that can be accessed
on http://www.graphpad.com/quickcalcs/index.cfm. The
block randomization method was used to generate two
groups that result in equal sample sizes. Thus, each group
had the same number of patients, in this case 75 [7].

Patient selection was made according to the following proto-
col, which had already been accepted by the Ethics Committee of
our Institution (Azienda Ospedaliera Universitaria di Cagliari –
AOU), protocol number PG/2014/9514.

The manuscript is registered on ClinicalTrials.gov with
identifier NCT02853721.

This study was conducted in accordance with the Helsinki
Declaration. All patients gave their informed written consent
to be included in this study.

To be included in the study, patients had to meet the fol-
lowing inclusion criteria:

1. Be submitted to total thyroidectomy during the study pe-
riod, regardless of the thyroid disease requiring surgical
treatment

2. Have signed the informed consent

Patients were excluded from the study if:

1. Not meeting the inclusion criteria
2. Submitted to lobectomy with isthmusectomy or partial or

subtotal thyroidectomy
3. Submitted to completion thyroidectomy
4. Concomitant hyperparathyroidism was present
5. On concomitant treatment with oral calcium and/or vita-

min D prior to surgery

Patients randomly assigned to the experimental group had a
blood sample 6 h after surgery for the measurement of iPTH
and 24 h after the operation for serum calcium assay. The
control group was, instead, submitted to sequential assaying
of serum calcium and phosphorus levels on postoperative days
1, 2, and 3.

Fig. 1 Flow diagram
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All patients in both groups were followed up for 7 days
after surgery. If symptoms of hypocalcaemia were developed,
the patient was subjected to a new assay of serum calcium
level. However, all patients were submitted to a serum calcium
assay on the 7th day after surgery. All patients who developed
hypocalcaemia were included in a follow-up period of
6 months after discharge. Serum calcium and phosphorus
were measured weekly for the first month, and monthly after-
wards, while iPTH was measured 2 weeks after discharge and
then on a monthly basis. Supplementation with calcium and
vitamin D was interrupted when iPTH, serum calcium, and
phosphorus levels were restored to the reference range.
Patients who required oral supplementation for 6 months after
thyroidectomy were considered to have permanent
hypocalcemia.

All patient records were analyzed prospectively, assessing
demographics (age and sex), diagnosis and indication for sur-
gery, symptoms or signs of hypocalcemia, pathological diag-
nosis, postoperative results, and follow-up.

Hypocalcemia was defined if the serum calcium levels
were inferior to 8.0 mg/dL (reference range 8.8–10.6 mg/dL)
in one or more measurements taken during the first 7 days
after surgery, either with or without signs and symptoms of
hypocalcemia [8].

All assays were performed by vein puncture. Serum iPTH
was measured using the Siemens Immulite® 2500 Intact PTH
device; the reference range in our hospital is 12–65 pg/mL.
Our laboratory considers 12 pg/mL as the lower limit for nor-
mal PTH levels, while the minimum level identified is 3 pg/
mL. Serum calcium and phosphorus levels were, instead, de-
termined with a colorimetric method (Olympus System
Reagent®). The reference range for serum calcium in our
laboratory is 8.8–10.6 mg/dL.

When patients had calcium levels below 8.0 mg/dL and
developed symptoms of hypocalcemia, they were prescribed
oral supplementation with calcium and vitamin D (calcium
carbonate 2 or 3 g daily) and/or vitamin D (1,25-
dihydroxycholecalciferol 0.25 or 0.50 micrograms daily).
Calcium gluconate (10%) I.V. was only administered in cases
of severe hypocalcemia with important clinical symptoms,
such as spasms or muscle contractions.

Sample size

Whereas the minimum sample size of 63 patients per group
was needed for a power of 80% and a significance level of
0.05, 75 patients were included in each group.

Data collection and statistical analysis

Data were collected prospectively in a relational database
(Microsoft Office Access®). Patient characteristics, diagnosis,
histopathology, operative, and postoperative results and iPTH,

calcium and phosphorus levels were recorded in this database.
All data were analyzed by creating a special query. All statis-
tical analyses were conducted using the statistical software
MedCalc® 2011. Quantitative data, such as age, hospital stay,
iPTH, calcium and phosphorus levels were presented as both
mean ± standard deviation and median value. Data were com-
pared using the Chi-square test to evaluate the statistical dif-
ferences between qualitative data, and using the Student’s t
test to evaluate the differences between quantitative data.

Sensitivity and specificity of the various iPTH, calcium and
phosphorus measurements were calculated using the receiver-
operator characteristics (ROC) curves, by considering the area
under the curve (AUC). Diagnostic accuracy was deemed ex-
cellent for AUC values in the range of 0.90–1.00, good for
0.80–0.90; discrete for 0.70–0.80; poor for 0.60–0.70, and
absent for values between 0.50 and 0.60 (http://www.
medcalc.org/manual/roc-curves.php, http://gim.unmc.edu/
dxtests/ROC3.htm). The accuracy of the tests, obtained by
ROC curves, was evaluated considering for each test
sensitivity, specificity, positive predictive value, and negative
predictive value. The criterion value, i.e., the maximum point
of sensitivity and specificity was reported for every test.

An interactive dot diagram was then created to show false
positive and false negative assays of iPTH at 6 h after surgery.
The results of various tests performed using statistical soft-
ware were considered significant for values of p < 0.05.

Results

The experimental group consisted of 75 patients, 61 females
and 14 males, with a mean age of 54.79 (range 20–84). The
control group included 75 patients, 53 females and 22 males,
with a mean age of 54.35 (range 27–77 years). There were no
statistically significant differences between the two groups in
terms of age and sex (Table 1).

All patients in both groups were submitted to total
thyroidectomy.

In the experimental group, 19 patients underwent surgery
for papillary carcinoma (PTC), two for follicular carcinoma
(FTC), 11 for follicular adenoma (FTA), 26 for multinodular
goiter (MNG), 14 for Hashimoto’s thyroiditis (HT), two for
Graves’ disease, and one for lymphoma. Three patients re-
quired central neck compartment dissection and three others
ipsilateral neck dissection.

In the control group, the indication for surgery was repre-
sented by PTC in 30 patients, by FTC in three patients, by
FTA in 13 patients, by MNG in 14, by toxic MNG in two
patients, by HT in ten patients and by Graves’ disease in three
patients.

There were no statistically significant differences as
regards the indication for surgery in the two groups, except
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for a greater number of MNG in the experimental group, com-
pared to the control one (p = 0.042). (Table 1).

The ROC curve we processed for the iPTH assay at the
sixth postoperative hour presented 94.74% sensitivity and
96.43% specificity for a criterion value of 11.0 pg/mL and
mean AUC 0.935 (Fig. 2).

The ROC curve of serum calcium levels at 24 h after sur-
gery in the trial group showed 78.95% sensitivity and 100%
specificity with a criterion value of 7.9 mg/dL and AUC 0.962
(Fig. 2).

The assay of iPTH 6 h after surgery combined with the
serum calcium assay 24 h after surgery yielded the highest
diagnostic accuracy in predicting hypocalcemia using ROC
curves, with 100% sensitivity and 100% specificity with the
above criterion value and mean AUC 1.0 (Fig. 3).

As for the control group, the ROC curve of the se-
rum calcium assay at 24 h after surgery presented
80.95% sensitivity and 100% specificity with criterion
value 7.9 mg/dL and mean AUC 0.953 (Fig. 3), while
the ROC curve for serum calcium at 48 h after surgery
showed 85.71% sensitivity and 100% specificity with
value criterion 7.9 mg/dL and AUC 0.986 (Fig. 4)
(Table 2).

The prevalence of hypocalcemia was 14.25% in both
groups (19 patients out of 75).

One patient, who developed hypocalcemia with iPTH >11
was a false negative. She was a female patient aged 48 years
with iPTH 57.0 pg/mL and serum calcium 7.9 mg/dL on the
first day after surgery. The patient was asymptomatic and did
not need any treatment.

Two patients who, despite the low iPTH levels, did not
develop hypocalcemia presented false positive results: One
patient aged 61 years presented iPTH 3.0 pg/mL and serum
calcium 10.0 mg/dL 24 h after surgery and one patient aged
58 years had iPTH 3.0 pg/mL and serum calcium 8.5 mg/dL
24 h after total thyroidectomy. No patient with false positive
results showed any signs or symptoms of hypocalcemia with-
in 7 days, and serum calcium level was normal on the seventh
postoperative day.

From a clinical standpoint, out of the 19 patients who de-
veloped hypocalcemia in the experimental group, five devel-
oped symptoms of hypocalcemia and needed administration
of oral therapy with calcium carbonate and vitamin D; one
presented a tetanus episode on the day after surgery and was
treated with 10% calcium gluconate IV and 13 did not show
any signs or symptoms of hypocalcemia and did not need any
treatment.

Table 1 Patients’ characteristics, indications for surgery, and surgical
treatment

Parameter Experimental Control p

No. 75 75

Sex (female/male) 4.35/1 2.4/1 0.181

Age (years), mean ± SD
Range
Median

54.79 ± 14.75
20–84
54

54.35 ± 13.58
27–77
53

0.850

PTC 19 (25.4%) 30 (40.0%) 0.082

FTC 2 (2.6%) 3 (4.0%) 1.000

FTA 11 (14.7%) 13 (17.4%) 0.824

MNG 26 (34.7%) 14 (18.7%) 0.042

TOX MNG – 2 (2.6%) 0.477

NODULAR HT 14 (18.7%) 10 (13.3%) 0.504

Graves’ disease 2 (2.6%) 3 (4.0%) 1.000

Linfoma 1 (1.3%) – 1.000

TT 69 (92.0%) 71 (94.7%) 0.743

TT + CND 3 (4.0%) 1 (1.3%) 0.612

TT + CND + IPS MRND 3 (4.0%) 3 (4.0%) 0.677

The italic value is used to indicate statistical significativity

SD standard deviation, PTC papillary thyroid carcinoma, FTC follicular
thyroid carcinoma, FTA follicular thyroid adenoma, MNG multinodular
goiter, TOX MNG toxic multinodular goiter, Nodular HT nodular
Hashimoto’s thyroiditis, TT total thyroidectomy, CND central neck dis-
section, IPS MRND ipsilateral modified radical neck dissection

A B

Fig. 2 ROC curves of iPTH
assay 6 h after total
thyroidectomy (a) and ROC
curve of serum calcium assay 24 h
after total thyroidectomy (b)
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Of the 19 patients who developed hypocalcemia in the
control group, nine presented symptoms of hypocalcemia
and required administration of oral therapy with calcium car-
bonate and vitamin D, while ten did not show any signs or
symptoms of hypocalcemia and, therefore, did not need any
therapy.

At the 6-month follow-up, no patient was still suffering
from hypocalcemia.

The average stay in hospital was 2.4 days in the experi-
mental group and 2.9 in the control one. Following the
results of this trial, in our department, all patients who
undergo total thyroidectomy will be submitted to a iPTH
assay 6 h after surgery, and to a serum calcium assay 24 h
later. Those patients with serum results higher than the cri-
terion value, without risk for developing hypocalcemia,
will be discharged on the basis of the algorithm results
reported in Fig. 5.

Assays on the experimental group resulted in a total cost of
24 euros per patient, while assays on the control group in 23
euros per patient.

Discussion

Postoperative hypocalcemia is the most common complica-
tion after total thyroidectomy, and represents a major obstacle
to early discharge as it is manifested clinically during the first
48 h after surgery [1, 2, 9–11]. The risk for other complica-
tions of thyroid surgery such as vocal cord paralysis and neck
hematoma is highest during or within the first 8 h after sur-
gery, respectively [2].

Routine postoperative serum calcium is monitored by se-
quential assays in the first 3 days after surgery to identify
patients who need supplementation treatment. [3, 4]
Although this practice is commonly used, it has a limitation
with regard to the early diagnosis of hypocalcemia.

Several authors overcome this limitation by treating all pa-
tients who undergo thyroidectomy with oral calcium and vita-
min D. This approach may expose normocalcemic patients to
unnecessary side effects of calcium supplementation [12, 13].

The routine use of early predictive parameters of hypocal-
cemia can be helpful in identifying the patients at risk for
potentially severe symptoms and in reducing postoperative
hospitalization of normocalcemic patients.

Fig. 3 ROC curve of combined measurement of iPTH 6 h and serum
calcium 24 h after total thyroidectomy

A B

Fig. 4 ROC curve of serum
calcium assay 24 h after surgery
(a) and ROC curve of serum
calcium assay 48 h after surgery
(b)

Table 2 Different sensitivity and specificity of iPTH, calcium, and
phosphorus levels in predicting hypocalcemia following receiver-
operator characteristics (ROC) curves analysis

Parameter AUC Sensitivity Specificity Criterion
valuea

Experimental

iPTH 6 h 0.935 94.74 96.43 ≤11.0
Ca 24 h 0.962 78.95 100.00 ≤7.9
iPTH6h + Ca24 h control 1.000 100.00 100.00

Ca 24 h 0.953 80.95 100.00 ≤7.9
Ca 48 h 0,986 85.71 100.00 ≤7.9

AUC area under the curve, iPTH intact parathyroid hormone,Ca calcemia
a The point cut off of minimal false negative and false positive results
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Although several parameters have been suggested as predic-
tive of hypocalcemia, there is no universal consensus about
which one should be used. iPTH has been taken into account
by several authors for predicting hypocalcemia after total thy-
roidectomy. Some studies have evaluated the effectiveness of
iPTH decrease from the preoperative to the postoperative period.
[14, 15]. Different studies showed good accuracy of iPTH assay
alone, in early postoperative period in predicting hypocalcemia.
These are both prospective studies and retrospective [16–22].

Conversely, a non-randomized prospective study conduct-
ed by Lombardi et al. on 523 patients submitted to total thy-
roidectomy showed that iPTH levels assayed at 4 h after sur-
gery did not predict the occurrence of hypocalcemia [23].

Fewer studies evaluated combined assay of iPTH and se-
rum calcium, in the first 24 h after surgery in predicting hy-
pocalcemia. The study conducted by Payne and colleagues to
evaluate the diagnostic accuracy of iPTH combined with se-
rum calcium levels h after total thyroidectomy, allowed to
identify patients at risk of hypocalcemia and to safely dis-
charge all other patients [9, 24, 25].

The study conducted by Raffaelli et al. proposed a protocol
of oral supplementation of calcium and vitamin D on the basis
of the value of iPTH 6 h after surgery and serum calcium on
postoperative day 1, thus allowing to prevent symptomatic
hypocalcemia avoiding unnecessary costs for routine supple-
mentation [26].

To the best of our knowledge, this is the first prospective
randomized trial well matching the results of the combined
use of postoperative iPTH and serum calcium levels with
those of the traditional calcium and phosphorus assay in
predicting postoperative hypocalcaemia.

Based on the results of the present investigation, the
combined assay of iPTH 6 h after total thyroidectomy
and serum calcium 24 h after surgery, showed the highest
diagnostic accuracy in predicting postoperative hypocalce-
mia. On this basis, patients who present iPTH lower than
or equal to 11 pg/mL at 6 hours and serum calcium levels
equal to or lower than 7.9 mg/dL at 24 h would be at risk
of developing hypocalcemia. On the other hand, patients
with iPTH higher than 11 pg/mL at 6 h and serum calci-
um level higher than 7.9 mg/dL after 24 h from the
operation are eligible for early discharge within the first
postoperative day. This new protocol was easily accepted
by the hospital administration because there were no
additional expenses.

When applying the decisional algorithm reported in Fig. 4,
75.0% of patients enrolled in our study could have been
discharged in postoperative day 1, while 25.0% of them were
not eligible for early discharge.

The weakness of this study is its limited number of patients.
A larger sample could be more representative.

Conclusion

This trial allowed us to identify the combined measurement of
iPTH 6 h after surgery and of serum calcium 24 h after surgery
as highly predictive of early postoperative hypocalcemia.
These results are important in selecting patients eligible for
early discharge and those who need calcium and vitamin D
supplementation.

Fig. 5 Decisional algorithm
about postoperative clinical
pathway of patients following
total thyroidectomy
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