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Postoperative calcium levels
as a diagnostic measure for
hypoparathyroidism after
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Objective: The aim of the present study was to identify a fast, efficient and low-cost method to
diagnose hypoparathyroidism after total thyroidectomy. Materials and methods: One hundred and
forty medical records, which contained patients’ clinical and laboratory data, were retrospectively
analyzed. Patient parathyroid hormone values, which were obtained immediately following operation, were compared with their ionized calcium levels the morning after surgery. This comparison
was used to examine the correlation between the two variables in predicting hypoparathyroidism
because measuring calcium levels is low-cost and more available in the hospitals compared to measuring parathormone (PTH) levels. Results: There was a positive and statistically significant correlation between PTH and ionized calcium values (Pearson correlation coefficient, r = 0.456; p < 0.0001).
The values of first postoperative day ionized calcium levels (stratified by the 1.10 mmol/l cut-off value)
were tested as a diagnostic measure for hypoparathyroidism, and a PTH < 15 pg/mL obtained immediately following operation served as a reference. This analysis showed that ionized calcium levels
measured on the first postoperative day had a sensitivity of 45.6% (95% CI 30.9-61.0%), a specificity of
88.9% (95% CI 80.5-94.5%) and an accuracy of 76.7% (95% CI 68.7-83.5%) as a diagnostic measure for
hypoparathyroidism. Conclusion: In conclusion, we demonstrated that patients who had high ionized calcium levels on the first postoperative day also had high PTH levels immediately following operation and, therefore, they had lower rates of hypoparathyroidism. Arch Endocrinol Metab. 2015;59(5):428-33
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P

ost-surgery hypocalcemia is caused by an inadequate secretion of parathormone (PTH) by the
parathyroids glands. Transitory hypoparathyroidism is
the most frequent complication following total thyroidectomy and occurs in 16.5 to 71% (1-9) of patients.
This large range in the incidence of hypoparathyroidism in the literature is explained by the heterogeneity of
its diagnosis in existing studies; only clinical or a combination of clinical and laboratory diagnostic techniques
have been used. Permanent hypoparathyroidism is less
frequent following total thyroidectomy, with an incidence of 1.5 to 1.8% (3,4).
Patients with symptomatic hypocalcemia have
cramps, tingling, paresthesia, tetanic contractions, seizu
res (10), muscle spasms, and QT interval prolongation
on their electrocardiograms (2). Symptomatic hypocal428

cemia is extremely unpleasant, it extends the hospitalization time (1-3,6-8) and it increases the treatment cost.
Additionally, it is a consequence of parathyroid hypofunction. The parathyroid glands can be injured during
thyroidectomy due to devascularization, mechanical
damage or even accidental removal.
Hospital discharge on the first postoperative day
st
(1 PO) in thyroidectomies is reported in the literature as being safe, and it is routine in our field. The
benefits of hospital discharge on the 1st PO compared
to prolonged hospitalization include lower costs, less
postoperative complications and better psychological
outcomes (14). However, in most symptomatic patients, hypocalcemia develops on the second postoperative
day (2nd PO) (8-10). Therefore, the lack of diagnosing
hypocalcemia on the 1st PO can represent a risk to patients who may develop hypocalcemic tetanic contracArch Endocrinol Metab. 2015;59/5
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MATERIALS AND METHODS
This study is linked to the “Complicações de tireoidectomias. Estudo em um Serviço Universitário de Ensino”
project, which was approved by the Ethics Committee
for Research Project Analysis (CAPPesq No 0712/11)
and is conducted by the Discipline of Head and Neck
Surgery at the University of Sao Paulo School of Medicine.
We analyzed 140 consecutive medical records from
adult patients who received a total thyroidectomy with
or without central compartment dissection for benign
and malignant thyroid diseases between June 2010 and
March 2012 by the same surgical team (VJFAF).
The following data were collected: surgery date, patient’s gender, indication for surgery, histopathological
results, presence or absence of thyroiditis, preoperative PTH, preoperative ionized calcium, preoperative
25-hydroxy vitamin D, immediate postoperative PTH,
ionized calcium on the first postoperative day (1st PO),
hypoparathyroidism (based on Chvostek’s and Trousseau’s signs, cramps, and tetanic contractions) on the
Arch Endocrinol Metab. 2015;59/5

first postoperative day, PTH between the 2nd and 6th
months after the surgery (“late” PTH), and ionized
calcium between the 2nd and 6th months after the surgery (“late” CaI).
The following assays were employed in each laboratory investigation: chemiluminescence for detecting
PTH (referential values: 10 - 65 pg/mL); an ion-selective electrode for detecting ionized calcium (reference
values: 1.11 - 1.40 mmol/l); and high performance
liquid chromatography for detecting 25-hydroxy vitamin D (25OHD; reference values: 30 - 60 ng/mL).

Statistical analysis
The quantitative variables that had a parametric distribution are presented as a mean and standard deviation.
The qualitative variables are presented as absolute and
relative frequencies. The variable distributions were defined as parametric by the Kolmogorov-Smirnov Test.
The relationship between qualitative variables was analyzed by comparing their frequencies using the ChiSquare test or the Fisher’s Exact test. The Pearson correlation coefficient was used to analyze the correlation
between two continuous variables. An ROC (Receiver
Operating Characteristic) curve was used to validate
the diagnostic tests, and the test specificity and sensitivity, the area under the ROC curve, the positive and
negative predictive values, and the 95% Confidence
Intervals (95% CI) were also calculated. The statistical
software SPSS® version 17.0 (SPSS® Inc.; Illinois, USA)
was used for all analyses, and the statistical significance
was set at p ≤ 0.05.
The cut-off values (or stratification) were based
on the following laboratory reference values: ionized
calcium (CaI) of 1.10 mmol/l (values less than 1.10
mmol/L were considered low and values greater than
or equal to 1.10 mmol/l were considered normal);
PTH of 15 pg/mL (values less than 15 pg/mL were
considered low and values greater than or equal to 15
pg/mL were considered normal).

RESULTS
Of the one hundred and forty patients whose records
were analyzed, the majority were female and between
40 and 59 years of age and had an indication of surgery
due to malignant thyroid disease, predominantly papillary carcinoma. A detailed profile of the patient sample
can be found in table 1.
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tions following hospital discharge because hypocalcemia is a very harsh and potentially serious condition
that requires urgent intervention.
Many researchers have studied the best way to
diagnose hypocalcemia as early as possible post-thyroidectomy. Currently, the most common and effective
method is measuring the PTH level immediately after
the surgery through the fast intraoperative PTH assay
(1,2,5-7,9-13). The principle behind the fast PTH assay is that the half-life of PTH is 2 to 5 minutes (1);
thus, the level of PTH 1 hour post-surgery, for example, provides a very precise indication of parathyroid
function. However, the fast PTH assay is not available
in the majority of the medical centers in Brazil. Another simple way to assess parathyroid function in the
postoperative period is to measure the serum calcium
level the morning after the surgery (1). This assay is
low-cost, fast and available in every hospital. An argument against its use is that the calcium level of postthyroidectomy patients decreases quickly, which may
influence its reliability in determining whether an early
discharge is safe. This study aims to clarify whether calcium level is a good measure of hypoparathyroidism by
evaluating the correlation between the serum calcium
level on the morning after surgery and the immediate
postoperative PTH level (iPO).

Hypocalcemia post-thyroidectomy

Table 1. Characteristics of the sample (N = 140)
Age*

46.6 ± 12.4 years

Gender
Male
Female

40 (28.6%)
100 (71.4%)

Age at the time of surgery
10-19 years
20-29 years
20-39 years
40-49 years
50-59 years
60-69 years
70-79 years
Total

2 (1.4%)
7 (5.0%)
38 (27.1%)
39 (27.9%)
31 (22.1%)
20 (14.3%)
3 (2.1%)
140

Indication of surgery
Benign disease
Malignant disease
Total

58 (42.0%)
80 (58.0%)
138

Graves’ disease
Presence

30 (21.7%)

Cancer histologic type
Follicular carcinoma
Papillary carcinoma
Medullary carcinoma

2 (2.4%)
80 (96.4%)
1 (1.2%)

Hypoparathyroidism symptoms
Absence
Presence

123 (95.3%)
6 (4.7%)

Intraoperative PTH
Normal
Less than 15 pg/mL

90 (66.2%)
46 (33.8%)

* Mean ± standard deviation.‑

PTH, total serum calcium, ionized calcium and
25-hydroxy vitamin D levels were measured at different
time points and are displayed in table 2.
Table 2. Quantitative data
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Preoperative PTH (n = 122)

Table 3. Ionized calcium on the first postoperative day (1st PO CaI)
compared with the clinical variables
Variables

1st PO CaI <
1.10 mmol/l

1st PO CaI ≥
1.10 mmol/l

p

Hypoparathyroidism
symptoms

3/43 (6.9%)

3/86 (3.4%)

0.400†

Gender
Male

9/40 (22.5%)

31/40 (77.5%)

37/100 (37.0%)

63/100 (63.0%)

Malignant

25/80 (31.2%)

55/80 (68.7%)

Benign

21/58 (36.2%)

37/58 (63.8%)

2/46 (4.3%)

2/93 (2.1%)

0.599†

13/46 (28.2%)

17/92 (18.4%)

0.181*

Female

Graves’ disease

0.451*

* Chi-square test; † Fisher’s exact test.

When the ionized calcium levels were compared to
the immediate postoperative (iPO) PTH levels, there
was a positive and statistically significant correlation
between the values (Pearson correlation coefficient,
r = 0.456; p < 0.0001). Thus, the stratified ionized
calcium values were compared to the stratified PTH
values, to evaluate if 1st PO CaI level is a predictor of
hypoparathyroidism, like PTH level, and a significant
relationship was found (Chi-square test, p < 0.0001).
These results are described in table 4. This demonstrates that the patients who had high levels of ionized calcium on the first postoperative day also had high levels
of immediate postoperative PTH values, and therefore,
they had lower rates of hypoparathyroidism.
Table 4. Correlation between 1st PO CaI and PTH in the iPO

Result*
44.50 ± 20.2 (7.0-146.0) pg/mL

Ca < 1.10 mmol/l

Ca ≥ 1.10 mmol/l

p

< 0.0001
(Chi-square test)

PTH

Preoperative ionized calcium (n = 130)

1.2 ± 0,1 (0.8-1.4) mmol/l

< 15

25/43 (58.1%)

21/93 (22.6%)

Preoperative 25-hydroxy vitamin D (n =110)

26.7 ± 10.1 (8.5-63) ng/mL

≥ 15

18/43 (41.9%)

72/93 (77.4%)

Immediate postoperative PTH (n = 136)

30.5 ± 26.4 (2.0-144) pg/mL

First postoperative ionized calcium (n = 140)

1.13 ± 0.0 (0.9-1.2) mmol/l

Late PTH (n = 81)

39.0 ± 20.3 (8-144) pg/mL

Late ionized calcium (n = 107)

1.2 ± 0.1 (0.7-1.8) mmol/l

* Mean ± standard deviation (range).
Observation: PTH reference values: 10 - 65 pg/mL; ionized Ca reference values: 1,11 - 1,40
mmol/l; and 25-hydroxy vitamin D (25OHD) reference values: 30 - 60 ng/mL.

Patients’ ionized calcium levels on the 1st postoperative day (1st PO CaI) were compared to their clinical
430

0.099*

Histopathological study

Thyroiditis presence
4 (2.9%)

Thyroiditis
Presence

Variable

and histopathological results, and there were no statistically significance differences. The complete results are
presented in table 3.

The 1st PO CaI values were stratified according
to the cut-off point of 1.10 mmol/l and plotted on a
ROC curve to analyze whether this threshold is an adequate cut-off point for diagnosing hypoparathyroidism.
The results show that the cut-off point had a sensitivity
of 50% (95% CI 11.8-88.2%), specificity of 76.4% (95%
CI 67.9-83.6%), and positive and negative predictive
values of 9.4% (95% CI 1.9-25.4%) and 96.9% (95%
Arch Endocrinol Metab. 2015;59/5

A

Sensitivity

Sensitivity

CI 91.2-99.4%), respectively, with an accuracy of 66.3%
(95% CI 57.5-74.4%).
In a second analysis, the 1st PO CaI values were stratified according to the cut-off point of 1.10 mmol/l
and plotted on a ROC curve with immediate postoperative PTH < 15 pg/mL serving as a reference. In this
case, the cut-off point had a sensitivity of 45.6% (95%
CI 30.9-61.0%), a specificity of 88.9% (95% CI 80.594.5%), and positive and negative predictive values of
67.7% (95% CI 48.6-83.3%) and 76.2% (95% CI 66.884.0%), respectively, with an accuracy of 76.7% (95%
CI 68.7-83.5%). These values were also compared with
symptoms of hypocalcemia as a reference with inferior
results, demonstrating the subjectivity of this analysis
(accuracy of 66.3%). The results of the ROC curve
analyses are described in figure 1.

100-Specificity

B

100-Specificity

Figure 1. ROC curves demonstrating (A) the accuracy of 1st PO CaI level
as a predictor of hypoparathyroidism (area under the ROC curve, 66.3%)
with symptoms of hypocalcemia as a reference, and (B) the accuracy of 1st
PO CaI level as a predictor of hypoparathyroidism with PTH < 15 pg/mL
as a reference (area under the ROC curve, 76.7%).

DISCUSSION
Hypoparathyroidism is the most common complication
of total thyroidectomies, and in addition to causing extremely unpleasant symptoms, it requires longer hospitalization and results in higher costs for patients and the
health system (15,16).
Not all hypocalcemic patients are symptomatic, but
among those who are, the condition manifests after the
second postoperative day. Because total thyroidectomy
patients tend to be discharged early, it is important to
find a safe and economic method that can predict hypoparathyroidism and allow patients who do not develop
hypoparathyroidism or who develop very mild hypoparathyroidism to be discharged early, perhaps with a moderate oral calcium supplement. The patients who develop severe disease should be hospitalized for the longest
time to receive intravenous and oral replacement of
calcium and vitamin D. This would ensure that tetanic
Arch Endocrinol Metab. 2015;59/5

contractions occurring after discharge, which is often
very dramatic and potentially serious, are prevented.
Many surgeons routinely supplement calcium and
vitamin D in all patients who have total thyroidectomies (17,18). Although this practice is effective in reducing the number of symptomatic patients, it can be
inconvenient because the treatment is expensive and
poorly tolerated. In addition, it is not 100% effective,
and patients with severe hypocalcemia may experience
tetanic contractions despite treatment. Lastly, many patients are unnecessarily medicated (1). Cahill and cols.
(19) did not recommend routine supplementation because they found that the administration of calcium
and/or vitamin D in normal patients could result in
the following: (1) inhibit the functioning of the parathyroid glands; (2) overestimate the amount of patients who need calcium and magnesium replacement;
and (3) hide the true incidence of hypoparathyroidism,
which may prevent surgeons from making changes to
optimize treatment.
Another option is only treating symptomatic patients (2), but this would require a longer hospitalization
time, which is very difficult.
The best alternative is a reliable way to predict
which patients will develop hypocalcemia. This would
allow for only those who truly need treatment to be
treated and for the intensity of the replacement therapy
to be individualized in each case. The “gold standard”
for diagnosing hypoparathyroidism is the fast PTH assay, which measures iPO PTH, and it is the most employed method (20-23). However, it is not yet available
in most medical centers in Brazil.
In this study, we evaluated the blood ionized calcium level on the morning after total thyroidectomy as
an alternative predictor of hypoparathyroidism to the
iPO PTH level. We found that there is a positive correlation between iPO PTH levels and calcium levels on
the 1st PO day after thyroidectomy. It is important to
note that two patients had high PTH (146 pg/mL) or
ionized calcium (1.40 mmol/l) levels and were investigated for primary hyperparathyroidism before surgery.
Hyperfunctional glands were not identified preoperatively, and enlargement of the glands was not noted
during their thyroidectomies.
PTH has a very short half-life, which allows for the
quick identification of intraoperative parathyroid lesions (24). Therefore, PTH remains the best way to
predict early hypoparathyroidism. However, the correlation between iPO PTH levels and calcium levels on
431
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the 1st PO day found in our study is relevant in situations where the fast PTH assay is unavailable. Thus,
serum calcium level is a good diagnostic measure of
hypoparathyroidism after total thyroidectomy because
it is available in most centers and has a lower cost.
Pia Lindblom and cols. (5) also compared serum
calcium levels on the morning after a total thyroidectomy with iPO PTH levels and found that calcium level is not as effective as iPO PTH level in predicting
hypocalcemia. They attribute this difference to the hemodilution of serum calcium during surgery. In fact,
their data confirm that the accuracy of iPO PTH in
predicting symptomatic and asymptomatic hypocalcemia is not very different from that of low concentrated
calcium on the first postoperative morning.
Nahas and cols. (16) recommend using an algorithm
that incorporates serum calcium level after thyroidectomy to identify patients who are at low risk of developing hypocalcemia and, consequently, can be discharged 24 hours after surgery. This algorithm shows that
an increase in serum calcium between 6 and 12 hours
after surgery is a reliable predictor of patients who will
not develop significant hypocalcemia.
Cahill and cols. (19) suggest that hemodilution
during surgery and the release of calcitonin are causes
of transient hypocalcemia, which does not progress to
hypoparathyroidism; therefore, the level of serum calcium after thyroidectomy is not a reliable way of predicting the onset of hypoparathyroidism. However, our
findings contradict this hypothesis.
In our study, we also analyzed ionized calcium level on the first postoperative day by gender, the clinical
presentation of hypoparathyroidism, the histophatological results of surgery, the presence of Graves’ disease
and the presence of thyroiditis. However, we did not
find any associations between these conditions and
hypoparathyroidism.
In accordance with our findings, Lam and Kerr (22)
found that a greater proportion of the women in their
study were affected by thyroid disease, but that there
was no association between patient sex and hypoparathyroidism. They also found that hypoparathyroidism
was not correlated with age or indication of surgery
(i.e., malignancies, Graves’ disease, goiter, and familial
endocrine disease).
Toniato and cols. (15) found a strong association
between hypoparathyroidism and Graves’ disease and
suggest that this relationship is due to the fact the location and preservation of the parathyroid glands in
432

patients with Graves’ disease is more difficult. One
possible explanation for why we did not find a similar
association it that there were only a few Graves’ disease
patients in our sample.
Del Rio and cols. (25) found a positive and statistically significant correlation between developing hypocalcemia and being treated for malignant thyroid diseases.
Our findings do not support this hypothesis, and one
possible explanation is that the thyroidectomies in our
sample treated benign and malignant diseases with a very
similar technique, and most of these were small tumors.

CONCLUSION
Our study shows that measuring serum ionized calcium
levels on the first postoperative morning is not more
effective than the fast PTH assay. However, when the
PTH test is not available, the level of serum calcium is
a very good indicator of parathyroid function. In our
study, patients with an ionized calcium level above the
cut-off point of 1.1 mmol/L had a normal PTH level
in 77.4% of the cases; patients with an ionized calcium
level below 1.1 mmol/L had a PTH level that was below the lower limit in 58.1% of the cases.
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