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Abstract
Purpose  Measurement of intraoperative intact parathyroid hormone (ioPTH) levels is a reliable predictor of postsurgical 
hypocalcemia. We assessed the optimal cutoff values of ioPTH decline for predicting postoperative early and permanent 
hypoparathyroidism.
Methods  This was a retrospective study of a prospectively maintained database of patients undergoing thyroid surgery in a 
tertiary care hospital in L’Hospitalet de Llobregat (Barcelona, Spain). All consecutive patients undergoing total thyroidec-
tomy with or without central neck dissection between January 2005 and May 2021 were analyzed. The best cutoff value of 
the decrease of ioPTH level between PTH assessed after induction of anesthesia and at 10 min after completion of surgery 
for predicting hypocalcemia was evaluated.
Results  We included 742 patients (mean age 52 years) (thyroid cancer 48%, neck dissection 42%) undergoing total thyroid-
ectomy. Postoperative hypocalcemia was diagnosed in 383 (51.6%) patients, which was transient in 296 (39.9%) and perma-
nent in 87 (11.7%). The optimal cutoff value for predicting transient hypocalcemia was a decline of ioPTH level of ≤ 62.5% 
(overall efficacy 87%), but calcium supplementation may be indicated in high-risk cutoff values of ≥ 79.9%. In patients with 
an ioPTH decline ≤ 39%, the probability of postoperative hypocalcemia is extremely unlikely. Patients with declines > 93.7% 
should be followed very closely since they are high-risk for developing permanent hypoparathyroidism.
Conclusion  The decline of ioPTH, measured as the difference between ioPTH before thyroidectomy and after completion of 
the surgical procedure is a reliable indicator of the likelihood of postoperative transient hypocalcemia, with optimal cutoff 
value of 62.5%.
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Introduction

Postoperative hypocalcemia is a common transient event 
after extensive thyroid surgery due to intraoperative injury 
of the parathyroid glands or inadvertent surgical ablation of 
one or more parathyroids. Early hypocalcemia occurs in a 
variable percentage of patients after total or near total thy-
roidectomy from less than 5% up to 49%, increasing the 
length of hospital stay and the morbidity of thyroid sur-
gery [1, 2]. Postoperative hypocalcemia also limits moving 
towards treating thyroid resections as outpatient procedures. 
Transient hypoparathyroidism may become permanent in 
about 10% of patients who will require life-long supplemen-
tation therapy and regular follow-up visits, with increased 
risk of deterioration of health-related quality of life and 
development of complications and comorbidities [3–5].

Early detection of postsurgical hypoparathyroidism is 
essential to prevent hypocalcemia-related complications 
and would allow patients to be discharged from the hos-
pital earlier. Routine postoperative supplementation with 
calcium/vitamin D has been advocated to facilitate early 
discharge due to difficulties for identifying patients at risk 
of clinically significant hypocalcemia [6, 7]. Intraoperative 
assays of intact parathyroid hormone (ioPTH) were origi-
nally introduced in parathyroid surgery showing that proper 
surgical management of parathyroid diseases was associ-
ated with a significant decrease in PTH blood levels [8, 9]. 
Quick ioPTH measurement has been evaluated in cases of 
total thyroidectomy as accurate predictor of symptomatic 
hypocalcemia, with the benefits seen in early management 
of hypocalcemia, early hospital discharge, rare readmis-
sions, cost savings, and reduced hospital stay [10–14]. In 
a series of 50 patients with thyroid cancer undergoing total 
thyroidectomy, a decrease in ioPTH level of at least 62.5% 
was associated with a sensitivity of 82%, a specificity of 
85%, a positive predictive value (PPV) of 60% and a nega-
tive predictive value (NPP) of 94%, to predict early hypo-
calcemia, which was similar to the diagnostic accuracy of 
identification of the parathyroid glands using indocyanine 
green angiography (ICG) [15]. In a cohort of 63 patients, 
an ioPTH cutoff value of 70% decrease after thyroid gland 
removal predicted postoperative hypocalcemia with a sen-
sitivity of 100%, specificity 82.9%, PPV 60.0% and NPV 
100% [10]. However, the optimal cutoff values of ioPTH for 
predicting post-thyroidectomy hypoparathyroidism remain 
to be established.

We assessed the most reliable cutoff predictors of early 
and permanent hypoparathyroidism in a large series of 
patients undergoing total thyroidectomy.

Materials and methods

Design and patients

This was a retrospective analysis of a prospectively main-
tained database of patients undergoing surgery of the thyroid 
gland at the Unit of Endocrine Surgery of Hospital Univer-
sitari de Bellvitge in L’Hospitalet de Llobregat, Barcelona 
(Spain). For the purpose of the study, patients in whom a 
total thyroidectomy with and without central neck dissection 
was performed between January 2005 to May 2021 were 
selected. In addition to the type of surgical procedure, it was 
required to have available an intraoperative measurement 
of PTH according to the study protocol. Exclusion criteria 
were as follows: previous thyroid or parathyroid surgery, 
indication of concomitant parathyroidectomy due to pri-
mary hyperparathyroidism, lack of measurement of calcium 
serum levels within 24 h after the surgical procedure, poorly 
differentiated anaplastic carcinoma, and well-differentiated 
thyroid tumors stage T4b (any size tumors that has grown 
extensively beyond the thyroid gland). Patients with preop-
erative hypo- or hyperparathyroidism were also excluded. 
The primary endpoint of the study was the comparison of 
different cutoff values of ioPTH to identify those with the 
highest diagnostic efficacy for predicting postoperative 
early and permanent hypoparathyroidism.

The study was approved by the Institutional Review 
Board of Hospital Universitari de Bellvitge, and a written 
informed consent of all patients had been already obtained 
at the time of hospital admission for thyroid surgery.

Procedures

Preoperatively, patients with 25-OH vitamin D deficiency 
(< 20 ng/mL) were treated with vitamin D supplementation, 
but none of the patients received calcium supplementation. 
Thyroid surgery was performed by a senior endocrine sur-
gery (P.M.Ll.) using a standard protocol of total thyroidec-
tomy, with attention to prevent incidental parathyroidectomy 
or injury/devascularization of the glands. As described by 
Bliss et al. [16] exposure of the thyroid gland is followed by 
careful dissection of the superior pole, paying special atten-
tion on identifying the external branch of the superior laryn-
geal nerve. “Capsular dissection” is performed after medial 
retraction of the gland, recurrent laryngeal nerves as well as 
parathyroid glands in orthotopic localizations are identified 
and left in situ.

The blood samples were obtained from a peripheral 
vein. The ioPTH levels were measured at the time of induc-
tion of anesthesia and 10 min after completion of surgery 
either after total thyroidectomy or after central neck dis-
section when this procedure was performed, and at 24  h 
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postoperatively, using a chemiluminescent immunometric 
assay (reference limit 1.6–6.9 pmol/L) [17]. The percentage 
of ioPTH decline was calculated as (preoperative − postre-
section ioPTH)/preoperative ioPTH × 100. A colorimetric 
assay was used for measurement of corrected serum calcium 
levels at 24 h postoperatively and results were expressed as 
mmol/L (reference values 2.20–2.54 mmol/L). Criteria for 
the administration of calcium (1500 mg every 8 h) included 
the presence of symptoms of hypocalcemia or serum cal-
cium levels at 24 h postoperatively < 1.8 mmol/L (7.20 mg/
dL) in asymptomatic patients [15]. Vitamin D supplementa-
tion was introduced on the second postoperative day when 
the patient failed to normalize calcium levels after oral cal-
cium administration. Permanent hypoparathyroidism was 
defined functionally as the need of calcium and/or vitamin 
D supplementation for 12 months after thyroid surgery to 
maintain calcium levels within the normal limit and the 
patient free of symptoms of hypocalcemia. For each patient, 
the following data were recorded: age, sex, preoperative 
diagnosis, need of central neck dissection, and presence of 
transient and permanent hypocalcemia.

Statistical analysis

Categorical variables are expressed as frequencies and per-
centages, and continuous variables ad mean and standard 
deviation (SD). The diagnostic efficacy of ioPTH decline 
for the identification of transient hypocalcemia and per-
manent hypoparathyroidism was evaluated by the receiver 
operating characteristic (ROC) curve, with the area under 
the curve and the 95% confidence interval (CI). Three cut-
off values were determined corresponding to a sensitivity 
of 95% and a specificity of 95%, and the optimal cutoff as 
the value with the highest percentage of patients correctly 
classified. The Statistical Package for the Social Sciences 
(SPSS) version 26 for Windows was used for data analysis.

Results

During the study period, a total of 742 patients, 184 men 
and 558 women, with a mean age of 52 years (range 45–65 
years) underwent total thyroidectomy and measurement of 
ioPTH. Preoperative diagnoses included thyroid cancer in 
356 (48.0%) patients, benign thyroid nodule or goiter in 
351 (47.3%), and hyperthyroidism in 35 (4.7%). Central 
neck dissection was performed in 312 (42.0%) patients. 
Postoperative hypocalcemia was diagnosed in 383 (51.6%) 
patients, which was transient hypocalcemia in 296 and per-
manent in 87 (11.7%).

The mean decline in ioPTH levels was 54.6 ± 36%. In the 
analysis of postoperative hypocalcemia, the area under the 

ROC curve was 0.912 (95% confidence interval [CI] 0.890–
0.935) (Fig.  1). The two cutoff values for a sensitivity of 
95% and a specificity of 95% corresponded to a decline in 
ioPTH levels of 39.2% and 79.9%, respectively. The opti-
mal cutoff value for the best overall diagnostic accuracy was 
decline of ioPTH of 62.5% (Table 1).

In the analysis of permanent hypoparathyroidism, the 
area under the ROC curve was 0.824 (95% CI 0.792–0.857) 
(Fig. 2). The percentage of decline of ioPTH was 69% for a 
sensitivity of 95%, and 93.7% for a specificity of 95%. The 
optimal cutoff value for the best overall diagnostic accuracy 
was 99% (Tables 1 and 2).

Table 1  Cutoff values of the percentage of ioPTH decline for predict-
ing postoperative transient hypocalcemia after total thyroidectomy
ioPTH 
decline

Cutoff 
value

Diagnostic accuracy

Sensitivity of 
95%

39.2% Specificity 55.7%
Positive predictive value 69.6%
Negative predictive value 91.3%
Overall efficacy 76.0%

Specificity of 
95%

79.9% Sensitivity 55.1%
Positive predictive value 92.1%
Negative predictive value 66.5%
Overall efficacy 74.4%

Optimal 
overall 
efficacy

62.5% Sensitivity 87.5%
Specificity 86.9%
Positive predictive value 87.9%
Negative predictive value 86.7%
Overall efficacy 87.3%

Fig. 1  ROC curve for predicting transient hypocalcemia after total thy-
roidectomy based on the percentage of ioPTH decline with an optimal 
cutoff value of 62.5% (diagonal segments are produced by ties)
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hypocalcemia, but its predictive capacity for permanent 
hypoparathyroidism, was less favorable. Permanent hypo-
parathyroidism after total thyroidectomy carries a large 
burden of disease [18], with a range of incidence between 
1% and 14.5% in association with different factors, includ-
ing the surgeon’s experience, central neck dissection, and 
heterogeneity among studies in the definition of clinical, 
biochemical and treatment criteria [19–23]. We used a func-
tional clinical definition of permanent hypoparathyroidism 
as the need of calcium and/or vitamin D supplementation 
for 12 months after total thyroidectomy to maintain calcium 
levels within the normal limit and the patient free of symp-
toms of hypocalcemia. In this respect, the optimal cutoff 
value of an ioPTH decline of 99% was extremely displaced 
and had a lower clinical usefulness with a sensitivity of 1% 
only.

However, in the identification of transient hypocal-
cemia, the optimal cutoff value of 62.5% was reasonably 
adequate with an overall efficacy of 87% and balanced sen-
sitivity, specificity and predictive values, with correct risk 
prediction in almost 9 out of 10 cases. In patients with an 
ioPTH decline ≤ 39%, there is a remote possibility of tran-
sient hypocalcemia and in carefully selected cases, total 
thyroidectomy may be safely undertaken as an ambulatory 
procedure [24]. Same-day thyroidectomy is a lower cost 
option for selected patients, particularly in specialty cen-
ters with experience in thyroid surgery. In a recent study 
of 9,571 same-day patients undergoing total thyroidectomy 
who were matched to 9,571 overnight patients, same-day 
patients had higher odds of treatment at a certified center, 
accredited teaching hospital, and high-volume hospital, 
with a median cost savings of $974 [25].

On the contrary, in the presence of an ioPTH 
decline ≥ 79.9%, there is a high risk of transient hypocalce-
mia, according to which early postoperative calcium sup-
plementation would be justified. Development of permanent 
hypoparathyroidism is very unlikely in the presence of an 
ioPTH decline ≤ 63.2%, but patients with declines > 93.7% 
should be followed very closely since they may be con-
sidered high-risk patients for developing permanent hypo-
parathyroidism. Predictive values, however, should be 
interpreted with caution considering the occurrence of 
transient and permanent hypoparathyroidism in the study 
sample [26].

It is worthy to mention that Gupta et al. [11] conducted 
a similar study in a single-center prospective cohort 90 
patients who underwent total thyroidectomy for benign as 
well as malignant pathologies of thyroid gland, using the 
same approach for measuring ioPTH decline as in our study. 
These authors found that the cutoff of an ioPTH decline of 
86.21% combined with an ioPTH level of 9.3 pg/mL had 
maximum sensitivity of 100% and specificity of 97.5% for 

Discussion

In the present study, a simple formula based on results of 
ioPTH assay before starting thyroid surgery and after com-
pletion of total thyroidectomy/neck dissection was used to 
estimate the decline in ioPTH levels, which was used to 
identify cutoff points for 95% sensitivity, 95% specificity, 
and the optimal diagnostic efficacy for predicting postopera-
tive hypoparathyroidism.

Based on the study findings, ioPTH was a good pre-
dictive factor for assessing the risk of early postoperative 

Table 2  Cutoff values of the percentage of ioPTH decline for predict-
ing postoperative permanent hypoparathyroidism after total thyroid-
ectomy
ioPTH 
decline

Cutoff 
value

Diagnostic accuracy

Sensitivity of 
95%

69.0% Specificity 63.2%
Positive predictive value 25.6%
Negative predictive value 99.0%
Overall efficacy 67.0%

Specificity of 
95%

93.7% Sensitivity 80.5%
Positive predictive value 34.7%
Negative predictive value 89.9%
Overall efficacy 86.3%

Optimal 
overall 
efficacy

99.0% Sensitivity 1.1%
Specificity 88.4%
Positive predictive value 100%
Negative predictive value 88.4%
Overall efficacy 88.4%

Fig. 2  ROC curve for predicting permanent hypoparathyroidism after 
total thyroidectomy based on the percentage of ioPTH decline with an 
optimal cutoff value of 99% (diagonal segments are produced by ties)
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predicting permanent hypoparathyroidism. In our study, 
this combination was not evaluated, but a cutoff value of 
ioPTH decline of 93.7% showed 80.5% sensitivity and 95% 
specificity for predicting permanent hypothyroidism after 
total thyroidectomy. Assessment of the diagnostic accu-
racy of combining ioPTH as a percentage of decline and 
the ioPTH level is an interesting approach for further stud-
ies focused on identifying predictors of postthyroidectomy 
hypoparathyroidism.

Limitations of the study include the single-center char-
acteristics and the retrospective design. A subgroup analy-
sis of patients with and without neck dissection was not 
performed, although central neck dissection may be a fac-
tor potentially associated with a higher risk of postsurgi-
cal hypoparathyroidism and is an interesting aspect to be 
evaluated in further studies. Moreover, the effect of ioPTH 
decline as an independent factor associated with early and 
permanent hypoparathyroidism merits to be analyzed in a 
logistic regression model, but the present study was focused 
on the identification of optimal cutoff values of ioPTH 
decline and neither univariate or multivariate analyses were 
not performed.

Conclusion

In large study population of 742 patients undergoing total 
thyroidectomy, the rates of transient and permanent hypo-
parathyroidism were 39.9% and 11.7%, respectively. The 
optimal cutoff value for predicting transient hypocalcemia 
was a decline of ioPTH level of 62.5%, but in the presence 
of a cutoff of ≥ 79.9%, the risk of early hypoparathyroidism 
is high and calcium supplementation would be indicated. 
Patients with declines > 93.7% should be followed very 
closely since they are high-risk for developing permanent 
hypoparathyroidism.
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