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Thyroid surgery is the most commonly performed procedure in the field of endocrine surgery. Studies 
are still ongoing on the development of a single algorithm for diagnosis and care of patients at risk of 
postoperative hypoparathyroidism.
the aim of the study was to determine the biochemical marker that would allow the most accurate 
diagnosis of patient groups at risk of developing hypoparathyroidism and to identify risk factors for 
this disorder.
material and methods. The prospective study included 142 consecutive patients undergoing total 
thyroidectomy for benign goiter from January 1st 2014 to December 31st 2015. Serum intact parathyroid 
hormone (iPTH), total calcium (Ca), phosphate (P), and magnesium (Mg) levels have been measured 
preoperatively and at 1, 6, 24, and 48 h postoperatively. 
Results. Clinical symptoms of hypoparathyroidism developed in 25 (17.6%) of 142 patients. The best 
diagnostic accuracy for hypoparathyroidism based on ROC curves was obtained for iPTH at 6h (AUC 
0.942; 95% CI: 0.866-1.000, p<0.001) and its percentage change from baseline ΔiPTH at 6h (AUC 0.930; 
95% CI: 0.858-1.000, p<0.001). In an multivariate analysis, the preoperative Ca level higher by 0.1 
mmol/l, and iPTH level higher by 0.1 pmol/l were associated with a lower risk of hypoparathyroidism, 
by 68% (p=0.012) and 61% (p=0.007), respectively. A 1% decline in iPTH from baseline increased the 
risk of hypoparathyroidism by 15% (p<0.001).
conclusions. The most reliable markers indicating a high risk of postoperative hypoparathyroidism 
are the decline in ΔiPTH at 6h by > 65% or iPTH level at 6h <1.57 pmol /l. A postoperative decline in 
iPTH levels is an independent risk factor for the development of hypoparathyroidism. Preoperative 
higher concentrations of Ca and iPTH are protective factors for the development of this disorder.
Key words: hypoparathyroidism, thyroid surgery, total thyroidectomy, intact PTH assay, hypocalce-
mia

Thyroid surgeries are one of the most com-
mon procedures in the field of endocrine sur-
gery. According to NFZ (National Health Fund) 
estimates more than 23,000 thyroid surgeries 
have been performed in Poland in 2014. Cur-
rently radical procedures which involve total 
thyroidectomy are performed in most patients. 
This approach is associated with an increased 
incidence of complications manifested as post-

operative hypoparathyroidism (1). Parathyroid 
glands are responsible for maintaining normal 
calcium-phosphate homeostasis by releasing 
the parathormone (PTH). Normal release of the 
PTH is only possible with normal magnesium 
levels. The half-life of PTH is short, approx. 2-5 
minutes (2). The currently applied laboratory 
tests mostly involve the determination of the 
intact PTH (iPTH). Postoperative hypoparathy-
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tion is paid to providing complex medical care 
within 24 hours on admission (9). An analysis 
by Mazeh et al. has demonstrated that the same-
day surgery may be safe and the readmission 
rate does not exceed 3%, provided that an ap-
propriate algorithm is followed (10). Early hy-
poparathyroidism studies include both early 
diagnostics and prevention through appropriate 
pre- and postoperative supplementation. Cur-
rently hypoparathyroidism diagnostics include 
determination of parameters associated with 
parathyroid gland function, especially calcium 
and iPTH. The utility of this approach has been 
confirmed by multiple studies (4, 11, 12, 13). 

The key objective of this study was to de-
termine a biochemical marker and the time 
point of its determination, which would be al-
low the most precise diagnosis of surgical pa-
tient groups at risk of postoperative hypopara-
thyroidism. Therefore the pre- and postopera-
tive plasma levels have been determined of: 
intact parathormone (iPTH), total calcium 
(Ca), phosphate (P), magnesium (Mg). The 
secondary objective was to determine other 
risk factors for hypoparathyroidism.

MATERIAL AND METHODS

The study was designed as a prospective, 
observational trial. The study enrolled patients 
who underwent total thyroidectomy for goiter 
at the Department of General and Oncological 
Surgery, Medical University in Łódź in the 
years 2014-2015. Due to the change of the seat 
of the Department during the study, data were 
collected prospectively in 2 hospitals: WSS 
(Provincial Specialist Hospital) in Zgierz and 
CKD (University Teaching Hospital) in Lodz. 
The study enrolled a total of 142 patients – 113 
females (79.58%) and 29 males (20.42%). In 
2014, when the Department was seated in 
WSS in Zgierz, thyroidectomy was performed 
in 218 patients and 74 patients (33.94%) were 
enrolled in the study. In 2015 in the CKD, 
thyroidectomy was performed in 248 patients 
and 68 patients (27.42%) were enrolled in the 
study. The mean age of patients was 54.3 ± 
12.9, within the range from 15 to 84 years. 
Exclusion criteria included recurrent goiter, 
history of thyroid and/or parathyroid surgery, 
malignant neoplasm diagnosed through BACC, 
hyperparathyroidism, nephropathy, under-
weight (BMI<18.5). In both locations of the 

roidism results in the calcium-phosphate imbal-
ance, clinically manifested as nervous system 
dysfunctions. Early symptoms may be discreet 
and include paraesthesia or perioral and finger 
numbness. Latent hypocalcemia may develop, 
manifested with Trousseau’s and Chvostek’s 
signs. More severe cases involve the develop-
ment of numbness and involuntary muscle 
cramps of the face, hands, and later of the 
forearms and arms, the chest and lower ex-
tremities and atrioventricular conduction 
disorders. A temporary or permanent parathy-
roid dysfunction may develop during thyroi-
dectomy, due to direct damage of the parathy-
roid structure, damage of the vasculature or 
inadvertent parathyroid excision. Transient 
symptoms of hypoparathyroidism in the peri-
operative period are also associated with hae-
modilution resulting from intravenous fluid 
administration, as well as the release of calci-
tonin secondary to thyroid manipulation (3). 

Transient hypoparathyroidism usually de-
velops during the first 48 hours postopera-
tively and is observed in 1.6%-50% of patients 
undergoing total thyroidectomy (1, 4-7). Per-
sistent hypoparathyroidism develops in 0.5%-
10% of post-thyroidectomy patients (6, 7, 8). 
Postoperative hypoparathyroidism may be 
defined as biochemical or clinical, when clinical 
symptoms of this disorder develop. The bio-
chemical hypoparathyroidism is defined as the 
postoperative decline in PTH below lower 
limit of normal in a given laboratory (usually 
<1.3 pmol/l) with accompanying hypocalcemia 
and hyperphosphatemia. Most authors define 
the cut-off point for hypocalcemia as <1.5 
mmol/l for ionized calcium and <2 mmol/l for 
total calcium with normal albumin level. 
Clinical symptoms of hypoparathyroidism may 
develop in some patients undergoing surgery 
despite normal calcium levels. This is particu-
larly common in patients with secondary and 
tertiary hyperparathyroidism or following ag-
gressive surgery. Clinical symptoms of hy-
poparathyroidism are related to an abrupt 
decline in calcium levels, accompanied by 
slower desensitization of calcium receptors 
adapted to hypercalcemia (2). 

The trend toward shorter hospital stays im-
poses a precise designation of patients who are 
at risk of postoperative complications. Cur-
rently in the field of thyroid surgery efforts are 
made to perform surgery and discharge the pa-
tient within twenty four hours and great atten-
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Department the procedures were performed 
by the same surgical team, who performed 
>100 thyroid surgeries/year. Total extracap-
sular thyroidectomy was performed with iden-
tification of recurrent laryngeal nerves and 
parathyroid glands. The arterial trunks with 
superior and inferior thyroid artery were cut 
as close as possible to the capsule. During each 
procedure an attempt was made to identify all 
parathyroid glands and leave them undam-
aged “in situ”. If this was unfeasible or if 
parathyroidectomy was confirmed, parathy-
roid glands were implanted into the pocket of 
the sternocleidomastoid muscle. Blood samples 
were collected on the day before surgery and 
postoperative samples were collected in the 
following sequence: at 1 hour (1h), at 6 hours 
(6h), at 24 hours (24h) and at 48 hours (48h). 
Laboratory tests were performed in the ISO-
certified hospital laboratory. The following 
reference ranges were adopted: iPTH – 1.6-6.9 
pmol/l, Ca – 2.2-2.65 mmol/l, P – 0.81-1.45 
mmol/l and Mg – 0.77-1.03 mmol/l. The mass 
and volume of material from goiter resection 
was measured. The patients were divided into 
2 groups. The first group consisted of patients 
who manifested symptoms of hypoparathyroid-
ism, and the second group were asymptomatic 
patients. Patients with confirmed clinical symp-
toms of hypoparathyroidism received oral and/
or intravenous supplementation with calcium 
(calcium carbonicum – Calperos 1000 mg 3x1/
day) and vitamin D (α-calcidiol – Alphadiol 1µg 
1x1/day). The study protocol No RNN/139/12/
KE was approved by the Bioethics Committee 
of the Medical University in Łódź.

Statistical analysis

Normal distribution of continuous variables 
was verified with W Shapiro-Wilk test. Con-
tinuous variables were described using the 
median with interquartile range (IQR 25%-
75%). Qualitative variables were analyzed 
using the chi-square test. Intergroup differ-

ences for continuous variables were analyzed 
using the non-parametric U Mann-Whitney 
test. The inter-variable correlation was evalu-
ated using the Spearman rank correlation due 
to non-occurrence of normal distribution. Re-
ceiver Operating Characteristics (ROC) curves 
were used to evaluate the accuracy of the clas-
sifiers and to determine the optimal cut-off 
point. A logistics regression module was used 
in the multivariate analysis to determine the 
independent risk factors for complications. The 
differences for which type I error probability 
was below 0.05 were accepted as statistically 
significant. The statistical analysis was per-
formed using the Statistica 12.5 software 
(StatSoft, Tulsa, USA).

RESULTS

The tested variables for goiter mass and 
volume did not show a normal distribution. 
The median mass was 48 g (IQR; 35-69 g), and 
median volume – 50 cm3 (IQR; 55-75 cm3). 
Statistically significant differences were dem-
onstrated in terms of goiter volume depending 
on patient’s gender – larger in men 60 cm3 
(IQR; 50-75 cm3) compared to 50 cm3 in women 
(IQR; 35-70 cm3), (p=0.018). A trend toward 
larger goiter mass in men was observed – 60 
g (IQR; 44-70 g) compared to 50 g in women 
(IQR; 34-69 g), however this difference was not 
statistically significant (p=0.061) (tab. 1).

Clinical symptoms of hypoparathyroidism 
developed in 25 (17.6%) of 142 patients under-
going surgery. In most patients the symptoms 
developed after more than 24 hours postop-
eratively – 24 (96%) of 25, and only 1 patient 
developed symptoms after 12 hours postop-
eratively – 1 (4%) of 25. 

A decline in calcium levels < 2 mmol/l was 
observed after 24h or 48h in 36 (25.4%) pa-
tients, of which only 19 (13.4%) presented with 
clinical symptoms. In 5 (3.5%) patients with 
clinical symptoms in the study group the Ca 
levels were > 2 mmol/l. It has been demon-

Table 1. Table shows studied population characteristics in terms of age, goiter mass and volume

Women
Median (IQR 25-75%)

Men
Median (IQR 25-75%) p Women

(n)
Men
(n)

Age (years) 55 (46-64) 57 (46-66) 0,654 113 29
Goiter mass (g) 47(34-69) 54 (44-70) 0,061 113 29
Goiter volume (cm3) 50 (35-70) 60 (50-75) 0,018 113 29
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(ΔiPTH 1h and ΔiPTH 6h) from baseline are 
associated with the incidence of clinical symp-
toms in the most statistically significant man-
ner (p<0.001). The authors have also demon-
strated that the calcium and magnesium ion 
levels at 6h postoperatively were significantly 
lower in patients, who developed symptoms: 
Ca 6h (p=0.003), Mg 6h (p=0.023). Further-
more, the authors have demonstrated a sig-
nificantly larger decline in calcium and mag-
nesium ion levels at 6h postoperatively (com-
pared to preoperative levels) – for ΔCa 6h 
(p=0.016), for ΔMg 6h (p=0.005) (tab. 3). 

strated that in patients with Ca levels < 2 
mmol/l at 24h or 48h postoperatively, the in-
cidence of clinical symptoms of postoperative 
hypoparathyroidism was significantly higher 
(p<0.001). 

In the next step univariate analyses were 
performed to determine markers of postopera-
tive hypoparathyroidism. The incidence of 
symptoms of postoperative hypoparathyroid-
ism was shown to be significantly higher in 
women (p=0.027) (tab. 2). 

It has been observed that the iPTH levels 
and its percentage change (%) at 1h and 6h 

Table 2. Table shows incidence of clinical symptoms in specific patient groups depending on gender

Gender Clinical symptoms 
(+)

Clinical symptoms 
(-) Total Percentage

Women 24 89 113 21,2%
Men 1 28 29 3,4%
Total 25 117 142 17,6%

Table 3. The table shows the relationship between the studied parameter and the development of clinical 
symptoms, the statistically significant relationship was shown at p<0.05

Symptoms (+)
Median (IQR 

25-75%)

Symptoms (-)
Median (IQR 

25-75%)
p Yes (n) No (n)

Clinical variables
Age (years) 55 (43-64) 56 (35-75) 0,568 25 117
Goiter mass (g) 47 (38-62) 49 (35-70) 0,927 25 117
Goiter volume (cm3) 50 (41-70) 50 (35-75) 0,895 25 117
iPTH
Preoperative iPTH (pmol/l) 4,63 (3,55-5,09) 4,86 (3,99-6,11) 0,112 25 117
Δ iPTH 1 h (%) 82% (75-85) 36% (12-55) <0,001 25 117
Δ iPTH 6 h (%) 81% (74-84) 25% (0-47) <0,001 25 117
iPTH 1 h (pmol/l) 0,89 (0,65-1,11) 3,02 (1,93-4,46) <0,001 25 117
iPTH 6 h (pmol/l) 0,92 (0,57-0,96) 3,67 (2,51-5,09) <0,001 25 117
Calcium
Preoperative Ca (mmol/l) 2,36 (2,27-2,41) 2,36 (2,29-2,43) 0,868 25 117
ΔCa 1 h (%) 6% (3-10) 7% (5-10) 0,357 25 117
ΔCa 6 h (%) 12% (11-16) 10% (7-13) 0,016 25 117
Ca 1 h (mmol/l) 2,16 (2,10-2,25) 2,19 (2,11-2,24) 0,752 25 117
Ca 6 h (mmol/l) 2,03 (1,98-2,10) 2,11 (2,04-2,18) 0,003 25 117
Magnesium
Preoperative Mg (mmol/l) 0,86 (0,83-0,89) 0,85 (0,81-0,89) 0,326 25 117
ΔMg 1 h (%) 8% (4-14) 7% (3-11) 0,239 25 117
ΔMg 6 h (%) 14% (10-19) 10% (6-15) 0,005 25 115
Mg 1 h (mmol/l) 0,77 (0,74-0,82) 0,79 (0,75-0,83) 0,536 25 117
Mg 6 h (mmol/l) 0,71 (0,68-0,78) 0,77 (0,72-0,82) 0,023 25 115
Phosphates
Preoperative P (mmol/l) 1,12 (0,95-1,24) 1,15 (1,03-1,26) 0,384 25 117
ΔP 1 h (%) 14% (4-23) 5% (3-14) 0,331 25 117
ΔP 6 h (%) 9% (3-33) 4% (7-21) 0,193 25 117
P 1 h (mmol/l) 1,19 (1,09-1,29) 1,20 (1,10-1,33) 0,660 25 117
P 6 h (mmol/l) 1,21 (1,14-1,30) 1,21 (1,06-1,39) 0,902 25 117
Δ iPTH, Δ Ca, Δ Mg, Δ P – change of levels of studied parameters from baseline
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Statistically significant differences have 
been demonstrated between preoperative 
iPTH levels and consecutive tests performed 
postoperatively, both in patients with clinical 
symptoms and in asymptomatic patients 
(p<0.001).

A correlation analysis has demonstrated 
that iPTH, Ca and Mg levels were correlated. 
The strongest correlation was observed be-
tween ΔiPTH 1h and ΔiPTH 6h (Spearman 
R=0.90) (tab. 4), (fig. 1).

Table 4. Table shows a correlation between parameters 
which have been identified as statistically significant 

in an univariate analysis

Pair of variables

Spearman’s rank-
order correlation

R 
Spearman p

ΔPTH 1 h (%) & ΔPTH 6 h (%) 0,90 <0,001
ΔPTH 1 h (%) & ΔCa 6 h (%) 0,31 <0,001
ΔPTH 1 h (%) & ΔMg 6 h (%) 0,31 <0,001
ΔPTH 6 h (%) & ΔCa 6 h (%) 0,30 <0,001
ΔPTH 6 h (%) & ΔMg 6 h (%) 0,30 <0,001
ΔCa 6 h (%) & ΔMg 6 h (%) 0,28 0,001

Fig. 1. Dispersion graphs show correlations between parameters, which were recognized as statistically 
significant in an univariate analysis
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Based on the results of univariate analyses 
a decision was made to include the following 
variables in the multivariate model: goiter 
mass, goiter volume, preoperative iPTH, Mg, 
Ca and P levels and the % difference in ΔiPTH 
at 1h (due to higher clinical value compared 
to ΔiPTH at 6h postoperatively).

The analysis has demonstrated that inde-
pendent factors for postoperative hypopara-
thyroidism include: preoperative iPTH level 
(p=0.007), preoperative Ca level (p=0.012) and 
% difference in ΔiPTH at 1h (p<0.001). Gender 
had the threshold limit of statistical signifi-
cance (p=0.079), it was however a significant 
factor in the univariate analysis, therefore this 
parameter remained in the analysis. It has 
been concluded that:
– Preoperative Ca level is an independent 

protective factor for postoperative hy-
poparathyroidism – Ca level higher by 0.1 
mmol/l in the study group was associated 
with a 68% lower risk of postoperative hy-
poparathyroidism – odds ratio (OR) 0.32 
(95% CI: 0.13-0.78) (p=0.012).

– Preoperative iPTH level is an independent 
protective factor for postoperative hy-
poparathyroidism – iPTH level higher by 
0.1 mmol/l in the study group was associ-
ated with a 61% lower risk of postoperative 
hypoparathyroidism – OR 0.39 (95% CI: 
0.20-0.78) (p=0.007).

– Identified as a significant risk factor for 
postoperative hypoparathyroidism – decline 
by one unit, i.e. 1% increased the risk of 

Table 5. Table shows the results of a statistical 
regression analysis for individual factors associated 

with development of postoperative hypoparathyroidism

OR (95% CI) p
Female gender 9,85 (0,77-126,33) 0,079
Preoperative PTH (pmol/l) 0,39 (0,20-0,78) 0,007
Δ iPTH 1 h (%) 1,15 (1,08-1,22) <0,001
Preoperative Ca (mmol/l) 0,32 (0,13-0,78) 0,012

hypoparathyroidism by 15% – OR 1.15 (95% 
CI: 1.08-1.22) (p<0.001).

– In the studied group the female gender was 
a factor which increased the risk of this 
hypoparathyroidism by more than 9-fold – 
OR 9.85 (95% CI: 0.77-126.33), (p=0.079).
Results are presented in the tab. 5.
ROC curves were used for the determina-

tion of the optimal cut-off point for classifiers. 
In the analysis the area under curve (AUC) was 
used to identify the most sensitive and specific 
variable, which could be used for screening 
tests. Curves were compared for measurements 
performed preoperatively and in the postopera-
tive hours and for the percentage change (%) of 
the studied parameters in time (tab. 6). The 
most reliable cut-off point values were obtained 
for percentage (%) changes in iPTH levels at 1h 
– ΔiPTH 1h (sensitivity 92%, specificity 86.3%, 
AUC 0.914; 95% CI: 0.854-0.974, p < 0.001) and 
at 6h – ΔiPTH 6h (sensitivity 92%, specificity 
94%, AUC 0.930; 95% CI: 0.858-1.000, p<0.001) 
(fig. 2). Whereas for each hour of measurement 
of iPTH levels at 1h (sensitivity 80%, specific-
ity 96.6%, AUC 0.929; 95% CI: 0.862-0.997, 
p<0.001) and at 6h (sensitivity 92%, specificity 
92.3%, AUC 0.942; 95% CI: 0.866-1.000, 
p<0.001) (fig. 3).

It has been demonstrated that the differ-
ence between AUC of ROC curves for ΔiPTH 
1h and ΔiPTH 6h was not statistically signifi-
cant (p=0.359), they had however statistically 
significant larger AUC compared to all ROC 
curves for percentage changes of concentra-
tions in time points for other parameters – Ca, 
Mg, P (p<0.001).

DISCUSSION

Hypoparathyroidism (transient and perma-
nent) and recurrent laryngeal nerves damage 
are the most serious complications of total 
thyroidectomy. Prediction of postoperative 

Fig. 2. ROC curves for percentage changes in time of 
the studied parameters (PTH, Mg, Ca, P) 
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Table 6. Area under curve (AUC), sensitivity, specificity and cut-off points for ROC curves of the determined 
parameters in specific time intervals

Parameter AUC Sensitivity % Specificity % Cut-off point
ΔPTH 1 h (%) 0,914 92 86,3 63,9%
ΔPTH 6 h (%) 0,930 92 94 64,8%
Preoperative iPTH (pmol/l) 0,602 76 45,3 5,09 pmol/l
iPTH at 1 (pmol/l) 0,929 80 96,6 1,12 pmol/l
 iPTH at 6 h (pmol/l) 0,942 92 92,3 1,57 pmol/l
ΔCa at 1 h (%) 0,559 44 76,1 4,4%
ΔCa at 6 (%) 0,662 80 52,1 10,6%
Preoperative Ca (mmol/l) 0,511 88 19,7 2,43 mmol/l
Ca at 1 h (mmol/l) 0,619 63,9 57,8 2,18 mmol/l
Ca at 6 h (mmol/l) 0,822 72,2 83,1 2,05 mmol/l
ΔMg at 1 h (%) 0,571 88 27,4 3,4%
ΔMg at 6 h (%) 0,685 64 66,7 13,4%
Preoperative Mg (mmol/l) 0,563 64 57,3 0,86 mmol/l
Mg at 1 h (mmol/l) 0,540 56 61,5 0,77 mmol/l
Mg at 6 (mmol/l) 0,645 64 73,9 0,72 mmol/l
Preoperative P (mmol/l) 0,568 52,8 64,4 1,19 mmol/l
ΔP at 1 h (%) 0,562 52 74,4 13,7%
ΔP at 6 h (%) 0,583 72 54,7 6,5%
P at 1 h (mmol/l) 0,543 63,9 50 1,18 mmol/l
P at 6 h (mmol/l) 0,561 80,6 39,8 1,13 mmol/l
Δ iPTH, Δ Ca, Δ Mg, Δ P – change of levels of studied parameters from baseline
1 h, 6 h – time point for collecting material for diagnosis expressed in postoperative hours

Fig. 3. ROC curves for iPTH determined preoperatively 
and at 1 h and 6 h

complications is difficult due to many influenc-
ing factors. The incidence of postoperative hy-
poparathyroidism has been shown to increase 
with duration and extent of surgery (lymph 
node dissection in the case of preoperative di-
agnosis of malignant cancer, retrosternal goi-
ter), preoperative goiter functional status (hy-
perthyroidism), resection of > 1 parathyroid 

gland, haemodilution due to perioperative fluid 
administration, intraoperative effect of general 
anaesthesia (14). The study did not involve the 
analysis of parathyroid glands visualized dur-
ing surgery. The standard adopted in the De-
partment involves the visualization of a maxi-
mum number of parathyroid glands, not less 
than 2. Visualization and conservation of at 
least 2 parathyroid glands during surgery has 
a significant effect on the lower incidence of 
postoperative hypoparathyroidism (15, 16). 
Studies are ongoing on the reduction of the 
inflammatory condition and transient surgical 
site ischaemia, thereby allowing the reduction 
of post-thyroidectomy complications by admin-
istering a single glucocorticosteroid dose di-
rectly prior to surgery. A statistically significant 
decline has been demonstrated in the incidence 
of postoperative transient hypoparathyroidism 
and recurrent laryngeal nerves damage follow-
ing a single intravenous 8 mg dose of dexam-
ethasone compared to placebo (17). 

Symptoms of hypocalcemia may develop 
despite normal PTH levels (18). A decline in 
total calcium levels determined pre- and post-
operatively following total thyroidectomy was 
observed in approx. 97% of patients (19, 20, 
21). This analysis confirmed the observations 
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are not at risk of postoperative hypoparathy-
roidism and may be safely discharged. 

In the studied group not all patients with 
symptoms of hypoparathyroidism had PTH lev-
els below the reference range. In 2 (8.3%) out of 
24 patients with symptoms of hypoparathyroid-
ism the PTH levels at 1h, 6h, 24h, 48h were above 
the lower limit of normal, and in the consecutive 
2 (8.3%) out of 24 patients the levels determined 
at later time points were within the reference 
range, but did not decline below the cut-off points 
for ROC curves. Therefore, a more preferable 
approach to determine the potential develop-
ment of symptoms of hypoparathyroidism in-
volves the measurement of PTH preoperatively 
and during the first twenty four hours postop-
eratively and the determination of a percentage 
(%) decline in PTH levels (ΔPTH). In our study 
the cut-off point was determined for the change 
> 65% for ΔPTH at 1h and 6h. A study by Rafa-
elli et al. has concluded that an ΔPTH value 
should be determined in each patient following 
a bilateral thyroidectomy, and the cut-off point 
should be > 50% (26). 

According to our assessment the measure-
ment at 1h postoperatively has more clinical 
value, since it allows for an earlier institution 
of appropriate treatment. We included the 
measurement of iPTH at 1h into the multi-
variate analysis. In our study the protective 
factor for postoperative hypoparathyroidism 
was the appropriately high preoperative calci-
um level. Preoperative calcium level higher by 
0.1 mmol/l reduces the risk of hypoparathyroid-
ism by 68%. In the view of this result the pre-
operative administration of calcium and/or vi-
tamin D seems justifiable. Middleton et al. have 
developed an algorithm of preoperative vitamin 
D supplementation, which has an indirect effect 
on calcium levels (27). This approach requires 
however an even more precise analysis, since 
an unequivocal relationship between preopera-
tive vitamin D deficiency and increased inci-
dence of postoperative hypocalcemia has not 
been demonstrated (28, 29). Studies of routine 
preoperative calcium administration are also 
not available. The protective effect of calcium 
on the development of clinical symptoms of 
hypoparathyroidism is used in the algorithms 
which involve routine preoperative supplemen-
tation of calcium and vitamin D. The supple-
mentation has been shown to reduce the inci-
dence of symptoms of early hypoparathyroid-
ism, however it has no effect on persistent hy-

both in patients with clinical symptoms and 
in asymptomatic patients. 

Several studies were conducted which at-
tempted to select a single parameter or a group 
of parameters to diagnose patients at risk of 
postoperative hypoparathyroidism. The stud-
ies initially consisted in the measurement of 
calcium levels and their change in time (19, 
22, 23). In our study the analysis of ROC curves 
for calcium level changes demonstrated that 
the determination of Ca levels at 6h postop-
eratively, with a cut-off point of 2.05 mmol/l 
may be a reliable screening test based on a 
single measurement. On the other hand the 
analysis of the change of this parameter in 
time from baseline yielded worse AUC values. 
The inclusion of the PTH levels determination 
into studies improves the test precision in 
order to diagnose patients at risk of postop-
erative hypoparathyroidism. This allows for 
the use of more prompt dynamics of PTH lev-
els change compared to ion levels. The best 
AUC values were obtained for the ΔiPTH at 
1h for the cut-off points at the decline by 63.9% 
and ΔiPTH at 6h at the decline by 64.8%. 

Scurry et al. have determined the best cut-
off point for postoperative ΔPTH at >75% or 
its decline at < 7 pg/ml for measurements 
taken 10 minutes after thyroidectomy (24). In 
a large analysis of 457 patients from 9 studies 
Noordzij et al. have demonstrated that the 
change of ΔPTH levels > 65% at 6h following 
thyroidectomy is characterized by a 96.4% 
sensitivity and 91.2% specificity, superior to 
measurements performed intraoperatively and 
directly following surgery at 1-2h (25). In the 
ROC curves obtained from our analysis for 
individual iPTH levels measurements at 1h 
postoperatively the best cut-off point was 1.12 
pmol/l, and at 6h – 1.57 pmol/l. There was no 
statistically significant difference between the 
curves. This allows for the discretional selection 
of the time point of postoperative measurement 
of the parameter. A single measurement of the 
PTH level during the first 24 hours postopera-
tively seems to be optimal and consistent with 
same-day surgery principles. Earlier studies 
confirm this result, in which good prognostic 
values were obtained for an intraoperative PTH 
(IOPTH), as well as for intact PTH (iPTH) de-
termined during the first twenty four hours 
postoperatively (3). This is not equivalent to 
the fact, that individuals with higher PTH 
levels at the above mentioned cut-off points 
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poparathyroidism. It also reduces the length of 
stay (16). Currently proposed algorithms in-
clude an administration of at least 1-3 g/day of 
calcium carbonate or calcium citrate combined 
with calcitriol 0.5-2 μg/day or cholecalciferol 
1000 IU/day. The question however remains on 
the effect of this supplementation on the mask-
ing of symptoms of chronic hypofunction, which 
may develop already after discharge. It is also 
pointed out that unnecessary treatment of 
healthy persons may result in the development 
of cardiovascular complications (30). 

According to the management algorithm 
adopted in our Department, the majority of 
post-thyroidectomy patients are discharged on 
the second day after surgery. Hypoparathy-
roidism is not the only serious potential post-
operative complication. During discharge at-
tention should be paid to the possibility of 
other early surgical post-operative complica-
tions, associated primarily with surgical site 
bleeding and paralysis of the laryngeal nerve, 
such as phonation, breathing and swallowing 
disorders and excessive wound bleeding. Swell-
ing of the neck may be the first symptom of a 
developing haematoma, which can result in a 
life-threatening dyspnoea. The risk of such 
complication is low, approx. 1%. According to 
most scientific papers the peak incidence of 

haematomas is observed during the first 6 
hours postoperatively. Recent studies have 
demonstrated however that the risk of late 
bleeding beyond 24 hours postoperatively is 
low and was observed in 2 (< 0.3%) out of 1250 
patients following thyroidectomy (31). Addi-
tionally, in patients presenting with dyspnoea 
following surgery without apparent postop-
erative bleeding videolaryngoscopy should be 
considered to exclude vocal fold paralysis.

CONCLUSIONS

Determinations of PTH levels and the de-
cline of PTH levels at 6h postoperatively are 
characterized by highest sensitivity and 
specificity for the identification of patients at 
risk of symptoms of postoperative hypopara-
thyroidism. These patients should receive 
supplementation with calcium and active 
forms of vitamin D; the remaining patients 
may be safely discharged without supplemen-
tation. Preoperative higher Ca level is an in-
dependent protective factor for the develop-
ment of postoperative hypoparathyroidism. A 
postoperative decline in iPTH levels is an in-
dependent risk factor for the development of 
postoperative hypoparathyroidism.
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