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Abstract
Backgrounds Concomitant intact parathyroid hormone
(iPTH) and serum calcium measurement is deemed to be
useful in predicting hypocalcemia after total thyroidectomy.
This study aimed to prospectively assess the diagnostic
accuracy of combined iPTH and serum calcium measure-
ment in predicting early postoperative hypocalcemia.
Methods From January 2010 to January 2011, 112 patients
underwent total thyroidectomy in our department. A pro-
spective study was carried out to search for factors predicting
postoperative hypocalcemia. Serum calcium, phosphorus, and
iPTH levels have beenmeasured before operation and at 6, 24,
and 48 h postoperatively. Hypocalcemia was defined as a
serum calcium level less than 8.0 mg/dL. Sensitivity and
specificity of different serum measurements have been calcu-
lated using the receiver–operator characteristics curve.
Results Thirty-three patients (29.5 %) had transient postop-
erative hypocalcemia. Serum iPTH level showed the highest
sensitivity and specificity in predicting hypocalcemia after
6 h (84.8 % and 93.7 %, respectively) for a criterion

value ≤12.1 pg/mL. Serum calcium level showed the
highest sensitivity and specificity after 24 h (93.9 and
100.0 %, respectively) for a criterion value ≤7.97 mg/
dL. Combined cutoffs of 6-h iPTH and 24-h serum
calcium showed sensitivity and specificity of 100.0 %.
Conclusions The combined measurement of 6-h iPTH
and 24-h serum calcium are highly predictive of early
postoperative hypocalcemia. Patients with serum iPTH
and calcium level≤criterion value are at major risk for
developing hypocalcemia. These results are important
in selecting patients eligible for early discharge and
those patients who need calcium and vitamin D
supplementation.

Keywords Hypocalcemia . Hypoparathyroidism . Total
thyroidectomy . Intact PTH assay . Serum calcium
measurement

Introduction

Transient postoperative hypocalcemia is the most common
complication after thyroid surgery, occurring in up to 50–
68 % of patients [1, 2]. The nadir of hypocalcemia usually
occurs within 48 h after thyroidectomy [3, 4]. It is usual
practice to monitor patients after thyroidectomy for signs
and symptoms of hypocalcemia as well as for regular meas-
urements of serum calcium and phosphorus levels [4, 5].
The routine use of a laboratory test that could identify
hypocalcemia-prone patients and/or those patients at low
risk to develop hypocalcemia could be beneficial. The avail-
ability of such test could allow correct calcium and vitamin
D supplementation and an early and safe discharge. The
search for early risk factors predicting hypocalcemia has
focused the interest on the postoperative monitoring of
intact parathyroid hormone (iPTH) because of its short
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half-life ranging from 2 to 5 min [6, 7]. Recently, concom-
itant iPTH and serum calcium measurement has been con-
sidered to be useful in predicting early hypocalcemia after
total thyroidectomy (TT) [3, 8, 9].

The current study aimed to prospectively assess the diag-
nostic accuracy of combined iPTH and serum calcium mea-
surement in predicting early postoperative hypocalcemia and
to define the most appropriate postoperative clinical pathway
of patients following TT. Sensitivity, specificity, and predic-
tive power of different postoperative serum measurements of
iPTH, calcium, and phosphorus have been calculated to iden-
tify the point cutoff of minimal false-negative and false-
positive results in predicting hypocalcemia.

Patients and methods

From January 2010 to January 2011, a case cohort of 112
consecutive patients (93 women and 19 men) underwent TT
in our Surgical Department for a variety of thyroid disor-
ders. These patients were enrolled in a prospective non-
randomized longitudinal study focusing on the search for
those parameters predicting early postoperative hypocalce-
mia. Approval for this study was obtained from the Institu-
tional Review Board of our Hospital (Ethics Committee of
the Azienda Ospedaliera Universitaria of Cagliari, Italy) and
written informed consent was obtained from each patient.
To be enrolled in the study, patients had to meet the follow-
ing inclusion criteria: undergo TT over the considered peri-
od regardless of thyroid pathology and sign a written
informed consent. The exclusion criteria from the study
were: undergo thyroid lobo-isthmectomy, undergo surgery
for recurrent goiter, concomitant hyperparathyroidism from
parathyroid adenoma or carcinoma, and concomitant treat-
ment with oral calcium and/or vitamin D before operation.
Patients submitted to central or modified radical neck dis-
section were not excluded from the study.

Five patients were excluded from the study because of:
thyroid lobo-isthmectomy in one case, completion thyroid-
ectomy in one case, concomitant parathyroid adenoma in
one case, concomitant parathyroid carcinoma in one case,
and supplementation treatment with oral calcium and vita-
min D for severe osteoporosis in one case.

The current investigation aimed to assess the diagnostic
accuracy of iPTH and serum calcium measurement in predict-
ing early postoperative hypocalcemia. For this purpose, we
carried out a cross-sectional study stratifying patients into two
groups as normocalcemic and hypocalcemic according to their
serum calcium measurements within 48 h postoperatively. All
the medical records were prospectively analyzed and the com-
parison between groups involved evaluation of demographic
data (age and sex), diagnostic results, indication for surgery,
patient management, symptoms and signs of hypocalcemia,

pathological diagnosis, and postoperative and follow-up
results. During thyroidectomy, the main surgeon objective
was to identify and dissect parathyroid glands and to maintain
their blood supply. Superior parathyroid glands have been
carefully dissected to preserve the origin of their blood supply
from the inferior or from the superior thyroid artery. The
individual branches of the arteries have been ligated distal to
the given branches for superior parathyroid glands. Inferior
parathyroid glands were clearly identified and preserved when
orthotopic. The close association with the superior tongue of
the thymus or with the remnant thymus tissue has been the
landmark in the case of an ectopic inferior gland. When at least
three parathyroid glands were identified, we did not perform
excessive dissection to avoid any damage to potential vascu-
larization of the remaining gland, commonly the left inferior
one. In our practice, parathyroid glands are usually autotrans-
planted in the ipsilateral sternocleidomastoid muscle if the
arterial pedicle is affected. Conversely, a decompressing inci-
sion is made on the parathyroid capsule when the gland shows
signs of a venous infarction.

Hypocalcemia was defined as serum total calcium level
less than 8.0 mg/dL (normal range 8.8–10.6 mg/dL) at one
or more measurements, with or without clinical symptoms.
Symptoms and signs of hypocalcemia are uncommon for
serum calcium levels above this cutoff. Thus, the value of
8.0 mg/dL has been commonly used to define hypocalcemia
after thyroidectomy in the published studies, although this
figure is lower than the range of reference [4, 10].

Following the study protocol, concomitant serum calci-
um, phosphorus, and iPTH levels were measured before
operation and at 6, 24, and 48 h after TT. All the blood
samples were obtained from peripheral venipuncture. Serum
iPTH level has been measured by the Siemens Immulite®
2500 Intact PTH and the normal range for this assay used at
our institution is between 12 and 65 pg/mL. This assay uses
a solid-phase two-site enzymatic chemiluminometric ap-
proach. In our laboratory, the normal low limit for iPTH is
12 pg/mL, while the low limit of detection is 3 pg/mL.
Serum concentrations of calcium and phosphorus were de-
termined by routine colorimetric assay (Olympus System
Reagent®). The reference interval for serum calcium in our
laboratory is 8.8–10.6 mg/dL, while the normal phosphorus
range is 2.5–4.5 mg/dL.

When patients had a calcium level less than 8.0 mg/dL
and developed symptoms of hypocalcemia, they were
started on oral calcium supplements (calcium carbonate 2–
3 g daily) and/or vitamin D (1,25-dihydroxycholecalciferol
0.25–0.50 μg daily) with dose adjusted to achieve a normal
serum calcium level. Intravenous calcium gluconate (10 %)
was administered for severe hypocalcemia with clinically
significant symptoms. All patients who developed hypocal-
cemia entered a scheduled follow-up program for at least
6 months from the discharge.
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Serum calcium and phosphorus levels were measured
weekly during the first month and then on a monthly basis
for 5 months. Serum level of iPTH was measured 2 weeks
after discharge and then on a monthly basis for 6 months.
Vitamin D and oral calcium supplementation was discon-
tinued when iPTH, serum calcium, and phosphorus level
reverted to normal. Patients were considered as having
permanent hypoparathyroidism if oral calcium and/or vita-
min D administration was required 6 months after thyroid-
ectomy, as reported elsewhere [11].

Data collection and statistical analysis

Data were prospectively collected in a planned relational
computer database (Microsoft Office Access). Patients’
characteristics, pathological findings, operative and postop-
erative results as well as all serum measurements were
recorded. After data inputting, specific queries were devised
and data analyzed. All statistical analyses were carried out
using the MedCalc® 2011 statistical software (version
11.5.1). Data for age, postoperative hospital stay, preopera-
tive and postoperative iPTH, and serum calcium and phos-
phorus levels were presented as the mean±standard error of
the mean (SEM) and as the median value. Data were com-
pared for statistical analysis using the Chi-square test to
evaluate differences between qualitative variables, and using
the Student’s t test to compare quantitative variables. Data
regarding iPTH and calcium slope were evaluated by the
analysis of variance for repeated measures (ANOVA). Sen-
sitivity, specificity, and predictive power (positive predictive
value: PPV; negative predictive value: NPV) of different
serum measurements of iPTH, serum calcium and phospho-
rus were calculated and summarized using the receiver–
operator characteristics (ROC) curve. The area under the
curve (AUC) was calculated. The diagnostic accuracy of a
test is assessed by the area under ROC curve as follows:
0.90–1.00, excellent; 0.80–0.90, good; 0.70–0.80, fair;
0.60–0.70, poor; and 0.50–0.60, fail [12, 13]. Then, the
criterion value was obtained as the point cutoff of minimal
false-negative and false-positive results of serum measure-
ments in predicting hypocalcemia. The p values were
checked and reported as calculated by the statistical soft-
ware. Differences were considered significant when p<0.05.

Results

The prevalence of transient postoperative hypocalcemia was
29.5 % (33 out of 112 patients). Hypocalcemia group in-
cluded 30 women and 3 men (at a ratio of 15.5:1.0) with a
mean age of 53 years (range 16–73 years). Patients with
normal postoperative calcemia consisted of 63 women and
16 men (at a ratio of 3.6:1.0) with a mean age of 52.1 years

(range 19–80 years). There was no significant difference
between groups for age and gender (Table 1).

Cross-sectional study revealed that there was no signifi-
cant difference between groups for surgical indication and
surgical treatment (p>0.50 by Student’s t test). Among 33
patients with hypocalcemia, 31 had TT because of papillary
thyroid carcinoma in 14 cases, follicular thyroid carcinoma
in 1 case, follicular thyroid adenoma associated with multi-
nodular goiter in 4 cases, multinodular goiter in 6 cases,
toxic multinodular goiter in 2 cases, nodular variant of
Hashimoto’s thyroiditis in 2 cases, and Graves’ disease in
other 2 cases. One patient had TT and central neck dissec-
tion because of papillary thyroid carcinoma with central
lymph node metastasis; another patient had TT associated
with central and bilateral modified radical neck dissection
for a medullary thyroid carcinoma. In the latter patient, an
accidentally removed parathyroid gland was found in the
surgical specimen of the central neck dissection. In the
hypocalcemia group, no patient underwent parathyroid
autotransplantation and no parathyroid glands were found
into the thyroid parenchyma. A decompressing incision on
one parathyroid gland was made in two cases of venous
infarction. Overall, four parathyroid glands were identified
in 26 patients of this group, and three glands in other 7
patients.

Of 79 patients without hypocalcemia, 76 had TT because
of papillary thyroid carcinoma in 25 cases, follicular thyroid
carcinoma in 6 cases, follicular thyroid adenoma associated
with multinodular goiter in 5 cases, multinodular goiter in
26 cases, toxic multinodular goiter in 5 cases, nodular var-
iant of Hashimoto’s thyroiditis in 6 cases, and Graves’
disease in other 3 cases. One patient had TT associated with
central neck dissection and ipsilateral modified radical neck
dissection because of papillary thyroid carcinoma with
lymph node metastasis; one patient had TT associated with
central neck dissection and ipsilateral modified radical neck
dissection because of medullary thyroid carcinoma; one
patient had TT associated with central neck dissection and
bilateral modified radical neck dissection because of med-
ullary thyroid carcinoma.

In the normocalcemia group, no patient underwent para-
thyroid autotransplantation, no parathyroid glands were

Table 1 Patients’ characteristics

Parameter Hypocalcemia Normocalcemia p

No. 33 79

Sex (female/male) 15.5/1.0 3.6/1.0 0.087

Age (years), mean±SEM 53.0±2.70 52.1±1.67 0.755
Range 16–73 19–80

Median 54 53

SEM standard error of the mean
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found in the surgical specimen and no decompressing inci-
sion was made on parathyroid glands. Overall, five parathy-
roid glands were identified in 1 patient, four glands in 59
patients, and three glands in other 6 patients.

Serum iPTH levels of patients with hypocalcemia had a
negative slope from preoperative mean value of 40.81 to
8.07 pg/mL at 6 h after the operation (with a maximum
decrease of 80.2 % from the preoperative value); iPTH slope
was then positive until a mean iPTH value of 11.15 pg/mL
at 48 h. This difference in repeated iPTH measurements of
hypocalcemic patients was significant (p00.002). On the
other hand, serum iPTH level of patients without hypocal-
cemia had a negative slope from preoperative mean value of
51.24 to 37.38 pg/mL detected at 24 h after the operation
(with a maximum decrease of 27.0 % from the preoperative
value); iPTH slope was then positive with a mean iPTH
value of 44.26 pg/mL at 48 h. This difference in repeated
iPTH measurements of normocalcemic patients was not
significant (p00.103; Fig. 1).

Serum calcium level of patients with hypocalcemia had a
negative slope from mean preoperative value of 9.41 to
7.29 mg/dL at 48 h after the operation (with a maximum
decrease of 22.5 % from the preoperative value). This dif-
ference in repeated serum calcium measurements was sig-
nificant (p00.022). Conversely, serum calcium level of
patients without hypocalcemia had a negative slope from
mean preoperative value of 9.58 to 8.52 mg/dL at 48 h after
the operation (with a maximum decrease of 11.1 % from the
preoperative value). The difference in repeated serum calci-
um measurements of normocalcemic patients was signifi-
cant (p00.035; Fig. 2). However, calcium serum levels were
over the cutoff of 8.0 mg/dL, which defined hypocalcemia
(p values of Figs. 1 and 2 were calculated by ANOVA)

ROC curve analysis of iPTH 6 h/postoperative hypocal-
cemia is shown in Table 2. The AUC was calculated as
0.930 with a 95 % confidence interval from 0.865 to 0.969
(p<0.0001). The criterion value of iPTH with minimal false-
negative and false-positive results was calculated
as ≤12.1 pg/mL, which was the threshold index score of
iPTH with the highest sensitivity and specificity in predict-
ing hypocalcemia (84.8 and 93.7 %, respectively). The PPV

and NPVof iPTH level detected after 6 h from the operation
were 84.9 and 93.6 %, respectively.

Five patients with hypocalcemia and postoperative iPTH
level >12.1 pg/mL represented the false-negative results,
whereas four patients without hypocalcemia (serum calcium
level >8.0 mg/dL) and postoperative iPTH level <12.1 pg/
mL represented the false-positive results (Table 3).

ROC curve results of calcium 24 h/postoperative hypo-
calcemia are shown in Table 2. The AUC was calculated as
0.969 with a 95 % confidence interval from 0.917 to 0.992
(p<0.0001). The criterion value of calcemia with minimal
false-negative and false-positive results was calculated
as ≤7.97 mg/dL, which was the threshold index score of
calcemia value with the highest sensitivity and specificity in
predicting hypocalcemia (93.9 and 100.0 %, respectively).
The PPV and NPVof calcium level detected after 24 h from
the operation were 100.0 and 97.5 %, respectively.

Two patients with normal serum calcium level at 24 h
after the operation represented the false-negative results
because they developed hypocalcemia 48 h after the opera-
tion (in both cases iPTH level was 3.0 pg/mL; Table 3).

ROC curve analysis of combined iPTH 6-h calcium 24 h/
postoperative hypocalcemia is shown in Table 2. The AUC
was calculated as 1.000 with a 95 % confidence interval
from 0.967 to 1.000 (p<0.0000). Thus, the combined iPTH
cutoff ≤12.1 pg/dL at 6 h postoperatively (iPTH drop
≥70.5 % of preoperative value), together with the calcium
serum cutoff ≤7.97 mg/dL at 24 h postoperatively (serum
calcium drop ≥18.5 % of preoperative value) showed the
highest sensitivity and specificity in predicting postopera-
tive hypocalcemia (100.0 % for both parameters).

The AUC of phosphorus 6 h/postoperative hypocalcemia
was 0.557, while it was 0.725 at 24 h after the operation.
Phosphorus measurement at 6 h after the operation failed in
predicting hypocalcemia and its diagnostic accuracy was
fair at 24 h (Table 2).

Among 33 patients who developed postoperative hypo-
calcemia, 16 patients (48.5 %) had significant symptoms
and they were started on intravenous calcium gluconate
(10 %) and then on oral calcium carbonate 3 g daily

(p=0.002 by ANOVA)

(p=0.103 by ANOVA)

Fig. 1 PTH slope of hypocalcemic vs. normocalcemic patients

(p=0.022 by ANOVA)

(p=0.035 by ANOVA)

Fig. 2 Calcium slope of hypocalcemic vs. normocalcemic patients
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associated with 1,25-dihydroxycholecalciferol 0.50 μg dai-
ly; 10 patients (30.3 %) had mild symptoms and they were
started on oral calcium carbonate 2–3 g daily; 7 patients
(21.2 %) had no symptoms and oral calcium supplement
was not required. These patients experienced no tetany. It is
noteworthy that no patient was started on calcium or vitamin
D before the blood sample of 24 h after surgery.

The mean postoperative hospital stay was 3.1 days in the
normocalcemic group vs. 3.5 days in the hypocalcemic one.
As a result of the study, those patients with normal iPTH
level at 6 h after operation and normal serum calcium level
at 24 h after operation were considered eligible for
discharge.

At 6-months follow-up, one patient of the hypocalcemia
group died of unrelated disease and 30 patients were nor-
mocalcemic and normoparathyrinemic without supplemen-
tation. Oral calcium administration was still required in two

patients who were considered as having permanent hypo-
parathyroidism (overall incidence of 1.6 %–2/112).

Following these results, we only check iPTH and serum
calcium 6 and 24 h after the operation, respectively. Finally,
we recommend the decisional algorithm about postoperative
clinical pathway of patients undergoing TT, which is shown
in Fig. 3.

Discussion

Postoperative hypocalcemia is the most frequent complica-
tion following thyroid surgery, and it is the commonest
reason of delay in patients’ discharge after TT [1, 2, 9,
14]. Usually, clinically relevant hypocalcemia can be as-
cribed to impaired parathyroid function following intraoper-
ative devascularization or accidental removal of parathyroid

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

AUC area under the curve; iPTH
intact parathyroid hormone (pico-
gram per deciliter); Ca calcemia
(milligram per deciliter); Ph phos-
phoremia (milligram per deciliter)
aThe point cutoff of minimal
false-negative and false-positive
results

Parameter AUC Sensitivity, % Specificity, % Criterion valuea

iPTH 6 h 0.930 84.8 93.7 ≤12.1

iPTH 24 h 0.922 84.8 91.1 ≤13.7

iPTH 48 h 0.915 78.8 93.7 ≤17.0

Ca 6 h 0.842 78.8 77.2 ≤8.62

Ca 24 h 0.969 93.9 100.0 ≤7.97

Ca 48 h 0.938 87.9 97.5 ≤7.85

Ph 6 h 0.557 90.9 25.3 ≥3.74

Ph 24 h 0.725 69.7 72.2 ≥4.33

Ph 48 h 0.834 69.7 89.9 ≥4.26

iPTH 6 h+Ca 24 h 1.000 100.0 100.0 ≤12.1+≤7.97

Table 3 Results of iPTH measurement at 6 h after the operation and serum calcium measurement at 24 h after the operation

Parameter Age Sex Surgical
indication

iPTH 6 hpg/mL Ca 24 hmg/dL Ca 48 hmg/dL Hypocalcemia
symptoms

Oral calcium
supplement

False negative results of iPTH measurement

1 55 M MNG 39.0 7.67 7.22 − −

2 42 F FTA 21.9 7.42 7.62 − −

3 71 F HT 19.3 7.90 7.60 − −

4 73 M FTC 23.5 7.78 7.09 + +

5 39 F PTC 42.4 7.39 7.70 + +

False positive results of iPTH measurement

1 68 F PTC 7.04 8.83 8.42 − −

2 67 M MNG 3.0 8.44 8.67 − −

3 56 F MNG 11.0 8.27 8.40 − −

4 64 F PTC 3.0 8.47 8.64 − −

False negative results of serum calcium measurement

1 72 F MTC 3.0 9.11 7.80 + +

2 68 M GD 3.0 8.09 7.37 − +

iPTH intact parathyroid hormone, Ca calcemia, MNG multinodular goiter, FTA follicular thyroid adenoma, HT nodular Hashimoto’s thyroiditis.
FTC follicular thyroid carcinoma, PTC papillary thyroid carcinoma, MTC medullary thyroid carcinoma, GD Graves’ disease
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glands [10, 15]. The risk of postoperative neck hematoma
and airway obstruction is considered to be higher within 8 h
from surgery [1]. On the other hand, symptoms of hypocal-
cemia become clinically evident in the first and in the
second postoperative day [4, 16, 17]. When the risk of
airway obstruction has receded, the need for repeated serum
calcium and phosphorus measurement has been the main
cause of prolonged hospital stay after TT [8].

Several approaches have been proposed to identify
patients eligible for early discharge as well as to achieve
early prediction of postoperative hypocalcemia. Some
authors suggested routine administration of calcium and
vitamin D supplementation to all patients undergoing TT
[18–20], while others recommended serial postoperative
serum calcium measurements as the standard protocol of
care [7, 21]. The use of quick PTH assay during thyroidec-
tomy has also been advocated for predicting postoperative
parathyroid function [22, 23]. However, it was clear that
waiting several hours after completing surgery improved the
predictive capabilities of the PTH assay [3]. The utility of
postoperative iPTH measurement for determining which
patient will become significantly hypocalcemic after thyroid
surgery has gained acceptance among surgeons [5, 24–26].
Recently, concomitant or combined postoperative iPTH and
serum calcium measurement are deemed to be better than
serum calcium or serum iPTH measurement alone in early
prediction of hypocalcemia [3, 8, 9, 27]. Nevertheless, there
is no consensus regarding what is considered the gold stan-
dard testing of hypocalcemia complicating thyroid surgery.
The above considerations justify the search for further pre-
dictive factors, which could allow for immediate clinical
management decisions to be made.

Following the results of our investigation, combining iPTH
measurement 6 h after TTand calciummeasurement after 24 h
showed the highest sensitivity and specificity in predicting
hypocalcemia. The combined iPTH cutoff of 12.1 pg/dL 6 h
postoperatively with an iPTH drop ≥70.5 %, together with the
calcium serum cutoff of 7.97 mg/dL 24 h postoperatively with
a serum calcium drop ≥18.5 %, showed the highest diagnostic
accuracy in predicting postoperative hypocalcemia. These
results allowed us to identify those patients eligible for early
and safe discharge on postoperative day one, and to early start
patients on supplementation treatment, thus avoiding or re-
ducing the severity of hypocalcemia symptoms.

Our policy appears to be effective in the clinical decision-
making when compared to other postoperative protocols of
thyroidectomy patients. Routine administration of calcium
and/or vitamin D could overtreat the normocalcemic patient
and mask the hypocalcemic one [28]. Monitoring for post-
operative calcium slope by repeated calcium measurement is
not useful for planning an early discharge, as the nadir of
hypocalcemia is not reached until the second postoperative
day [4, 17]. The largest prospective study evaluating the
utility of postoperative iPTH measurement alone showed
that iPTH measured 4 h postoperatively was not accurate
enough in predicting clinically relevant postoperative hypo-
calcemia and in identifying those patients who may be
safely discharged early from the hospital [7]. The same
study also advocated the integration of iPTH cutoff levels
with preoperative and postoperative serum calcium concen-
trations to improve the overall diagnostic accuracy in pre-
dicting hypocalcemia [7]. Indeed, the predictive capabilities
of iPTH assay 1 to 6 h after thyroidectomy are improved
when early calcium levels are measured as well [3, 14, 29].

Fig. 3 Decisional algorithm
about postoperative clinical
pathway of patients following
total thyroidectomy; iPTH
(picogram per deciliter); sCa
(milligram per deciliter)
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In our investigation and in accordance with other authors
[28], the 6-h iPTH level was chosen because we believe that
it is the optimal time when an early decision about discharge
can be made. We also found that testing iPTH 24 to 48 h
after TT is unnecessary, as its predictive power is no longer
increased. Moreover, in our experience the predictive power
of 6-h iPTH measurement reached the highest value
with 100.0 % capability of predicting hypocalcemia when
24-h calcium levels were combined as well. In 2005, Payne
et al. showed that patients with no other complications could
be sent home after the 6-h iPTH and concomitant serum
calcium results [9]. However, in our study the 6-h serum
calcium level was not sensitive enough as it was at 24 h.
More recently, Jumaily et al. in an analysis of pooled indi-
vidual data from three observational studies showed that
testing iPTH 5 to 6 h postoperatively reached the highest
predictive capability of postoperative hypocalcemia [3].
Nevertheless, concomitant iPTH and serum calcium meas-
urements were not significantly better than using iPTH
measurement alone [3], as the nadir of hypocalcemia usually
occurs later [4, 10, 17]. In the series of Asari and coworkers,
measuring iPTH level 24 h after TT in combination with
serum calcium level on the second postoperative day
allowed the highest prediction of postoperative hypocalce-
mia [8]. The results of our study corroborate the clinical
validity of combined measurement of iPTH and serum cal-
cium, but our patients were eligible for safe discharge on
postoperative day one rather than on day2. Reducing hos-
pitalization could improve the overall healthcare system
savings with minimal supplementary laboratory expenses,
the cost of iPTH and serum calcium measurement in our
hospital being 15 and 8 euros, respectively.

Another important goal that could be achieved by an
early and safe discharge is the satisfaction of patients, which
is an established indicator of quality care [9]. On the other
hand, when iPTH and serum calcium levels are unfavorable,
both prevention and/or alleviation of symptoms from hypo-
calcemia could be obtained at an early stage [7, 29].

Currently, we only check iPTH and serum calcium 6 and
24 h after the operation, respectively. The safe management
of patients following TT is now based on the decisional
algorithm, which is shown in details in Fig. 3. This protocol
allows surgeons to discharge normocalcemic and normopar-
athyrinemic patients early and safely. Hypocalcemic and
hypoparathyrinemic patients can be immediately started on
supplementation treatment avoiding an unnecessary morbid-
ity. Close monitoring for serum calcium levels and hypocal-
cemia symptoms are still required for undetermined patients
such as hypocalcemic and normoparathyrinemic or normo-
calcemic and hypoparathyrinemic.

Finally, patients with serum calcium level ≤7.97 mg/dl
and iPTH ≤12.1 pg/ml must be considered at major risk for
developing hypocalcemia. After retroactively applying the

decisional algorithm, 67 % of patients would have been
discharged early and safely, while 25 % of patients would
have been started early on supplementation treatment. How-
ever, the apparent good results of this study need to be
validated and reproduced in the clinical routine of a larger
number of hospitals. Definitive recommendations cannot be
made without verifying the applicability of our guidelines
by a larger prospective randomized study, well matching the
results of combined iPTH and calcium measurement with
those of traditional management of patients undergoing
thyroid surgery.
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