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Background: Hypocalcemia is the most frequent complication after thyroidectomy and central neck 
dissection (CND). Early intact parathyroid hormone (iPTH) determination has been proposed as an early 
predictor parathyroid gland state. We aim to describe iPTH kinetics after central compartment lymph node 
dissection (CLND).
Methods: A large prospective observational study was conducted among 840 patients who underwent 
thyroid cancer surgery between July and December 2016 in China-Japan Union Hospital of Jilin University. 
Data were obtained from the patient’s iPTH evaluation 15 min after CND and serum calcium records during 
three years of post-operative follow-up. Age, sex, BMI, preoperative PTH, operative and pathologic details 
were analyzed. Backward stepwise logistic regression analyses were performed to find potential risk factors 
for predicting iPTH <15 pg/mL. The odds ratio and 95% confidence interval are estimated using the logistic 
regression coefficients. The prediction model was assessed using the receiver operating characteristic curve. 
Results: The incidence of permanent hypocalcemia was 0.12%, while, 44.52% of patients were central 
lymph node metastasis. Multivariate analyses found associations among iPTH <15 pg/mL and several risk 
factors, especially preop PTH and type of surgery. The risk of iPTH <15 pg/mL, after total thyroidectomy 
plus CND, is almost 17 times that of lobectomy plus CND (OR =17.648, 95% confidence interval: 10.011–
31.110). A model was created using multivariate analysis, which involved surgical procedure, and preop PTH 
could separate thyroid operation with iPTH <15 pg/mL. The biological index showed an area under the 
ROC curve of 0.697 and 0.613 separately. Using values below the lowest or above the highest cut-off point, 
the presence or absence of iPTH <15 pg/mL could possibly be predicted before thyroidectomy and CND.
Conclusions: A lobectomy procedure for papillary thyroid carcinoma patients with clinically uninvolved 
neck lymph nodes (cN0) who have primary tumors (T1 or T2) could accompany prophylactic CND 
(ipsilateral or bilateral) to provide clearance of disease compared to total thyroidectomy.
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Introduction

Hypoparathyroidism is the most common complication 
following thyroid surgery that can lead to myriad 
metabolic and physiologic disturbances, prolonged 
hospitalization, and the need for lifelong supplementation. 
Temporary hypoparathyroidism occurs in 10% to 15% 
of patients. Meanwhile, permanent hypoparathyroidism 
(pHPP) after thyroid surgery occurs in 0.2% to 10% 
of patients, depending on the center’s experience and 
the type of surgical procedure (1). These factors can 
result in manipulation of the parathyroid gland during 
surgery, devascularization of the parathyroid gland, 
or from inadvertent removal of the parathyroid gland 
with the thyroid specimen. The incidence rate of 
hypoparathyroidism on the first post-operative day was 
higher in the total thyroidectomy (TT) with the LN 
dissection group (83%) than in the TT group (39%) (2). 
It seems thyroidectomy without prophylactic central neck 
dissection (CND) is appropriate for small (T1 or T2), 
noninvasive, clinically node-negative PTC (cN0) and for 
most follicular cancers, which is a strong recommendation 
from 2015 American Thyroid Association Management 
Guidelines for Adult Patients with Thyroid Nodules 
and Differentiated Thyroid Cancer (3). While Chinese 
management guidelines for Thyroid Nodules and 
Differentiated Thyroid Cancer recommend performing the 
ipsilateral CND, in the condition, the parathyroid gland 
and recurrent laryngeal nerve are effectively retained (4).  
Since biochemical studies of post-thyroidectomy patients 
have shown that intact parathyroid hormone (iPTH) 
sampling is a valid and early predictor of post-operative 
parathyroid gland state (1). Nevertheless, limited data 
is available assessing parathyroid state after CND. The 
purpose of this study is to describe the iPTH early after 
CND and its relation to age, sex, BMI, Preop PTH, 
thyroiditis, diameter, and multifocal of PTC, T stage, the 
surgical procedure of thyroidectomy plus CND or TT plus 
CND, ipsilateral or bilateral CND, central lymph nodes 
excised (number and positive for metastases). Wheather 
total thyroidectomy or lobectomy for papillary thyroid 
carcinoma patients with clinically uninvolved neck lymph 
nodes (cN0) who have primary tumors (T1 or T2) could 
accompany prophylactic CND (ipsilateral or bilateral) to 
provide clearance of disease and be less complications. 
We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-4554).

Methods 

Patients

A prospective observational study was performed on 
patients who underwent thyroidectomy and CND with 
post-operative iPTH evaluation, from July 2016 to 
December 2016, at the Division of Thyroid Surgery, 
China-Japan Union Hospital of Jilin University, China. 
The preoperative FNA suggested cancer and underwent 
lobectomy and CND, as well as the total thyroidectomy and 
CND/lateral dissection, which were included in the iPTH 
tests. No financial association exists between the authors 
and the commercial companies whose iPTH determination 
systems are presented. Thyroidectomy without CND, 
“berry picking” dissection, re-do surgery, high basal iPTH 
values (15.00–65.00  pg/mL), concomitant parathyroid 
disease, renal failure was removed from this analysis. There 
appear to be 840 cases involved in this research (as Table 1), 
who evaluate iPTH 15min after CND by blood sampling. 
The protocol was approved by the Ethics Committee of 
China-Japan Union Hospital of Jilin University (2015-
wjw006). All procedures performed in this study involving 
human participants were in accordance with the Declaration 
of Helsinki (as revised in 2013). Informed consent was taken 
from all the patients.

The technique of CND 

Thyroidectomy and CND procedures  have been 
performed from the same surgical team. Preservation of 
the parathyroid gland and its blood supply was attempted 
in all cases. The ATA consensus statement with reference 
to the terminology and classification of the central neck 
defines the CND as all perithyroidal and paratracheal soft 
tissue and lymph nodes with borders extending superiorly 
to the hyoid bone, inferiorly to the innominate artery, and 
laterally to the common carotid arteries (5). The technique 
applied is identical, and the procedure adopted supplies as 
the first step isolated thyroidectomy, after, as a second step, 
the CND is accomplished. That is, the CND dissection 
specimen is not excised en bloc during thyroidectomy. 
CND is conducted caudal to cranial. The surgical technique 
for prophylactic nodal dissection includes ipsilateral CND.

After thyroidectomy or CND, a rapid intraoperative 
pathological examination will guide whether the total 
thyroidectomy is performed. However, before submitting 
specimens, it is necessary to examine whether or not the 
samples contain parathyroid glands carefully. If they exist, 
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Table 1 Univariate and multivariate analysis among risk factors of iPTH <15 pg/mL (n=840)

Variable iPTH <15 iPTH ≥15
Univariate 

analysis, P value

Multivariate analysis

β OR 95% CI P value

Female, n (%) 146 (81.6) 505 (76.4) 0.16 0.284 1.328 0.807–2.187 0.264

Age 43 [37–51] 42 [36–49] 0.36 0.002 1.002 0.981–1.024 0.830

BMI 24.34 (22.04–26.35) 24.22 (22.04–26.98) 0.94 – – – –

Preop PTH 38.50 (30.20–47.93) 42.95 (33.89–55.74) 0.00 −0.031 0.970 0.957-0.983 0.000

Diameter of PTC 0.8 (0.5–1.3) 0.6 (0.4–1) 0.00 – – – –

Thyroiditis, n (%) 46 (25.7) 107 (16.2) 0.003 0.236 1.266 0.776–2.064 0.345

Multifocal 112 (62.6) 241 (36.3) 0.00 – – – –

Lobectomy + CND, n (%) 17 (9.5) 413 (62.5) 0.00 2.719 15.169 8.864–25.958 0.000

Ipsilateral CND, n (%) 94 (52.5) 519 (78.5) 0.00 −0.900 0.822 0.540–1.249 0.358

T stage, n (%)

T1a 109 (60.9) 501 (75.8) 0.00 Ref Ref Ref 0.038

T1b 39 (21.8) 82 (12.4) 0.626 1.869 1.127–3.102 0.015

T2 8 (4.5) 10 (1.5) 1.035 2.814 0.956–8.280 0.060

T3 22 (12.3) 60 (9.1) 0.391 1.478 0.800–2.733 0.212

T4 1 (0.6) 8 (1.2) −1.000 0.368 0.040–3.362 0.376

Metastatic CLN, n (%)

0–2 123 (68.7) 542 (82.0) 0.00 – – – –

3–5 26 (14.5) 75 (11.3) – – – –

>5 30 (16.8) 44 (6.7) – – – –

Total num. of CLN, n (%)

0–5 66 (36.9) 391 (59.2) 0.00 Ref Ref Ref 0.030

5–10 66 (36.9) 188 (28.4) 0.370 1.447 0.931–2.250 0.100

>10 47 (26.3) 82 (12.4) 0.661 1.936 1.168–3.210 0.010

Collinear variables were not included in multivariate regression, such as diameter of PTC, multifocal and num. of metastatic CLN, is 
correlated with T stage, ipsilateral CND and total num. of CLN after analysis. CI, confidence interval; iPTH, intact parathyroid hormone; 
CND, central neck dissection.

it should be finely dissected along the parathyroid gland’s 
membrane, cut into small pieces as soon as possible, and 
auto planted. When the iPTH is low, even more, the careful 
examination must avoid the remains of parathyroid glands 
in pathological exam samples.

iPTH determinations

A peripheral blood sample for iPTH measurement was 
offered by the chemiluminescent immunometric method 

via the STAT-IntraOperative-Intact-PTH system (Roche’s 
automatic electrochemical luminous immune analyzer 
e602). The preoperative calcium and iPTH were assessed. 
Postoperatively, iPTH was sampled 15 minutes after CND. 
Post-operative serum calcium level (2.10–2.65 mmol/L) 
was sequentially measured per day during hospitalization 
despite the symptoms and periodically tested every six 
months until recovery of the parathyroid function or 
permanent hypocalcemia was diagnosed during three 
years follow-up. The symptoms of hypocalcemia include 
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perioral or digital paresthesia, muscle cramping, or anxiety. 
Chvostek sign, facial twitching when the facial nerve is 
tapped, and Trousseau sign, ischemia-induced carpal spasm, 
highlight the state neuromuscular excitability during 
hypocalcemia (6,7). Patients with iPTH <15 pg/mL, are 
treated via calcium gluconate, intravenous injection, oral 
supplementation with calcium carbonate and calcitriol, 
under the serum calcium monitor. Asymptomatic patients 
presenting iPTH ≥15 pg/mL are treated via oral therapy 
with calcium carbonate. Patients were discharged when the 
serum calcium level >2.10 mmol/L and without signs and 
symptoms of hypocalcemia. Only oral calcium supplements 
without vitamin D analog (calcitriol, rocartrol) was started 
in patients during the follow-up period.

The primary outcome 

IPTH after CND was considered as the primary endpoint, 
and it was compared to several variables. The following 
variables are considered: age, sex, BMI, Preop PTH, 
thyroiditis, diameter, and multifocal of PTC, T stage, the 
surgical procedure of thyroidectomy plus CND or TT plus 
CND, ipsilateral or bilateral CND, central lymph nodes 
excised (number and positive for metastases).

Statistics

The SPSS (Version 20.0) was used to perform statistical 
calculations. Quantitative variables were expressed as the 
median, 25 percentile, and 75 percentile. The patients were 
divided into two groups according to whether the post-
operative iPTH <15 pg/mL and the non-parametric test was 
performed with the dependent variable indicators between 
the two groups. After considering P<0.05 in multivariate 
logistic regression, the independent variables predicting 
iPTH <15 pg/mL were screened by backward stepwise 
regression. In the logistics model, a Novo predictive value 
was assessed using the ROC curve, and the sensitivity, 
specificity, was determined. The area under the curve was 
used to stand for the accuracy of the predictions.

Results 

Descriptive characteristics of the study population

840 PTC patients underwent thyroidectomy and CND 
with post-operative iPTH evaluation and were investigated. 
There were 189 men and 651 women; ages ranged from 20 

to 82 years; median age, 42 years; BMI ranged from 15.60 
to 51.42; median 24.22; diameter of PTC ranged from 0.10 
to 5.00 cm; median 0.60 cm; preop PTH ranges from 15.15 
to 145.20 pg/mL; median 42.95 pg/mL. 

Of these PTCs, 487 (58%) were unifocal; 153 (18.2%) 
with thyroiditis; 610 (72.6%) stage T1a, 121 (14.4%) stage 
T1b, 18 (2.1%) stage T2, 82 (9.8%) stage T3, 9 (1.1%) 
stage T4; and 374 (44.52%) coexisting CLN metastasis. 
Overall, 430 lobectomies plus CND and 410 TT plus CND 
constituted this investigation. In all, 227 bilateral CND and 
613 ipsilateral CND were performed. Of these CNDs, the 
No. of metastatic CLN was 0–2 in 665 (79.2%), 3–5 in 101 
(12.0%), >5 in 74 (8.8%); the total No. of CLN was 0–5 
in 457 (54.4%), 5–10 in 254 (30.2%), >10 in 129 (15.4%). 
During three years follow up, all patients have monitored 
the serum calcium level, and only one patient (0.12%) with 
constant hypocalcemia, <2.10 mmol/L, without perioral or 
digital paresthesias, and only an oral calcium supplement 
and vitamin D analog (calcitriol, rocartrol).

The relationship between the risk factors with the patterns 
of iPTH <15 pg/mL

Table 1 presents the univariate and multivariate analysis 
among risk factors of iPTH <15 pg/mL after thyroidectomy 
plus CND of the 840 patients. According to the results 
of univariate analysis, only age, sex and BMI showed no 
statistically significant difference between iPTH <15 pg/mL  
and iPTH ≥15. Collinear variables are not included in 
multivariate regression, such as the diameter of PTC (T 
stage), multifocal of PTC (ipsilateral or bilateral CND), 
metastatic CLN (total number of CLN). Thus, all other 
variables are considered in the multivariate logistic 
regression model. The backward stepwise method for the 
choice of variables was used in the model. However, only 
the Preop PTH (P<0.01) and type of surgical procedure 
(P<0.01) were significant variables for prediction of iPTH 
<15  pg/mL in PTC operation, the T stage (P=0.04) 
and the total number of CLN (P=0.03) were variables 
but not included in the final logistic model. The risk of 
iPTH, <15 pg/mL after TT plus CND, is 17 times that 
of lobectomy plus CND (OR =17.648, 95% confidence 
interval: 10.011–31.110).

Since preop PTH and type of surgical procedure were 
the most important predictors for iPTH level 15 min after 
CND and the formulae were fitted by logistic regression 
and further simplified from 840 patients who underwent 
thyroidectomy plus CND: New Index =10 × type of surgical 
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Figure 1 ROC curves for predicting iPTH <15 pg/mL after thyroidectomy plus CND (A) and TT plus CND (B). iPTH, intact parathyroid 
hormone; CND, central neck dissection; TT, total thyroidectomy.
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procedure (lobectomy =0, TT =1)-preop PTH-17. Based on 
the ROC curve, to predict the presence of iPTH <15 pg/mL  
was set up a cut-off point of New Index >−50. Of the 
410 patients who underwent TT plus CND, preop PTH 
became the independent predictors for iPTH level 15 min 
after CND. Based on the ROC curve, to predict the absence 
of iPTH <15 pg/mL was set up a cut-off point preop PTH 
>42.16. As shown in Figure 1, the sensitivity (64.2%) and 
specificity value (67%) for prediction of thyroidectomy and 
sensitivity (63%) and specificity value (56%) for prediction 
of TT in separating patients who are going to be iPTH 
<15  pg/mL 15 min after CND. The biological index 
showed an area under the ROC curve of 0.697 and 0.613 
separately.

Discussion

Hypocalcemia is undoubtedly the most frequent event after 
thyroidectomy, presenting an incidence between 0.3% 
and 43.0% for transient hypocalcemia and between 0 and 
13.0% for permanent hypocalcemia (1,8,9). Even this was 
the most often observed complication more than recurrent 
laryngeal nerve injury. Other complications, as bleeding and 
recurrent nerve injury, usually occur in the immediate post-
operative period. For this reason, hypocalcemia is the only 
complication that affects hospital discharge timing (10).  
Therefore, there is increased interest in the accurate 
description of morbidity related procedures. We choose 
to implement the selective use of PA, although several 
authors proposed reimplantation of at least one gland 
routinely in case of thyroid or neck surgery as a tool to 
reduce pHPP, which resulted in a range of 0 to 1.8% in 
their series (11). The procedure was performed only in 

case of clear damage to the vascular supply of parathyroid 
even after no obvious relief from scissors or punctures to 
the dark parathyroid, or evidence of intrathyroidal position 
or modification in gland color, that appears to be due to 
ischemia or insufficient venous drain. As well as when 
we find parathyroid from the tissue we attend to do the 
intraoperative pathological test, it is necessary to check 
before sending the sample routinely. The intraoperative 
serum PTH level monitoring is a guide to determine the 
need for selective PA (12). The technique of parathyroid 
tissue preparation for the graft is a minced gland with 
saline solution, fragmentation of the gland by scissors or 
scalpel, and direct reimplantation in intramuscular space 
2–3 pocket(s). Also, we could intraoperative percutaneous 
injection of carbon nanoparticles (CNPs) for CNP-stained 
central compartment lymph nodes (CLNs) and passive 
display of parathyroid gland by CNP-stained thyroid (13). 
To give oral supply(calcium without vitamin D, analog) 
is enough for all symptomatic patients and asymptomatic 
patients with serum calcium <2.0 mmol/L during  
follow up.

PTH measurement also present important limitations 
to consider: (I) patient medical history. For example, the 
upper limit of the reference range for serum PTH should 
be well evaluated. Factors to be considered in analysis of 
serum PTH values in the upper reference range in patients 
with normocalcemia include obesity, race, 25-OHD levels, 
advanced age, serum creatinine, and dietary calcium 
intake. There are significant variation in theses subsets. (II) 
Standardization. Unfortunately, there are manufacturer’s 
reference ranges for serum PTH with use of different 
radioimmunometric assay, thus this establishes differences 
between centers. (III) Definitions. Lack of endocrine 
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surgery guidelines and definition for transient or permeant 
hypocalcemia related to PTH values. (IV) Availability. 
PTH laboratories are not available in all hospitals, as well 
as PTH measurement is not available every day in some 
Hospitals. (V) Second vs. third generation PTH. PTH 
assay also measures fragments other than full-length PTH. 
(VI) Protocols. Lack of consensus consequences for treating 
supposed hypocalcemia related to PTH values. We need to 
establish panel for defined normal PTH or abnormal PTH. 
(VII) Sampling and storage conditions influencing the 
measurement of parathyroid hormone in blood samples are 
well described in the literature.

Thyroidectomy and CND are evolving into international 
guidelines (5). Most analyses have reported a small sample 
size and different results (1,2,5,8-10,14). Even if currently 
there is not a unanimous consensus on the use of iPTH in 
routine clinical settings (and in particular on its cut-off value 
and its sampling timing), this test appears to be a promising 
solution to this predictive need (15-17). The observation 
of iPTH starting from 15 minutes to hours after surgery is 
consistent with the half-life of the iPTH (which is about 4 
minutes). Nevertheless, few studies evaluated the kinetics 
of iPTH levels after thyroidectomy and CND. The data 
presented may then confirm the hypothesis that CND 
contributes to hypoparathyroidism via disruption of the 
feeding arteries of the parathyroid glands and ischemic 
injury. Therefore, preservation of the vascular supply of 
the parathyroid glands is more critical in the prevention of 
post-operative hypoparathyroidism. En bloc resection of 
thyroid cancer with central compartment node dissection 
could increase the risk of injury to the blood supply of the 
parathyroid gland. The 2015 American Thyroid Association 
Management Guidelines for Adult Patients with Thyroid 
Nodules and Differentiated Thyroid Cancer gave a strong 
recommendation that Thyroid lobectomy alone may 
possibly be sufficient first treatment for low-risk papillary 
and follicular carcinomas. However, the treatment team 
may choose total thyroidectomy for enabling RAI therapy 
or for enhancing follow-up based upon disease features 
and/or patient preferences (3). While Chinese management 
guidelines for Thyroid Nodules and Differentiated Thyroid 
Cancer recommend performing the ipsilateral CND for 
DTC, in the condition, the parathyroid gland and recurrent 
laryngeal nerve are effectively retained (4).

This largest prospective study clarifies the kinetics of 
iPTH after 430 TT plus CND and 410 lobectomies plus 
CND, suggesting the relevance of perioperative iPTH 
decline in TT plus CND significantly (P<0.05), which 

risk of stopping iPTH <15 pg/mL even over 17 times. 
By the data, there was no difference between TT plus 
ipsilateral CND and TT plus bilateral CND. It seems no 
correlation of iPTH profile during the surgical procedure of 
compartment lymph node dissection (CLND) is significant. 
Furthermore, we describe a decrease in post-operative 
iPTH levels significantly related to the preoperative iPTH 
levels instead of the number of lymph nodes dissected or 
the metastatic ones. The cut-off value of iPTH resulted in 
more strongly associated with the preoperative iPTH levels 
and the type of surgical procedure. If the formulae result 
>−50 in thyroidectomy plus CND, or preop PTH <42.16 in 
TT plus CND, it will predict the presence of postop iPTH 
<15 pg/mL. Therefore, consistently with the literature 
results, it could possibly be argued that the systematic 
use of the immediately postoperatively iPTH assay or the 
following formulae with the type of surgical procedure 
and preop PTH may identify patients requiring calcium 
supplements, avoid unnecessary extensions of hospitalization 
days with direct benefits for both the patient and, in terms 
of costs, for the institution. Our study clarifies the kinetics 
of iPTH after 840 consecutive PTC thyroidectomy and 
lymph node clearance, and the permanent hypocalcemia 
was 0.12%. Combined with our earlier literature results, the 
incidence of nerve lesions during CND is lower than that 
of thyroidectomy (18). Compared to total thyroidectomy, 
lobectomy for papillary thyroid carcinoma patients with 
clinically uninvolved neck lymph nodes (cN0) who have 
primary tumors (T1 or T2) could accompany prophylactic 
CND (ipsilateral or bilateral) to provide clearance of 
disease.
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