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Purpose: There are some controversies over the relationship between parathyroid gland 
autotransplantation and permanent hypoparathyroidism. This study aimed to explore the 
relationship between parathyroid gland autotransplantation and postoperative 
hypoparathyroidism.
Patients and Methods: We performed a retrospective analysis of patients who underwent 
initial thyroid surgery for papillary thyroid carcinoma from January 2014 to December 2018. 
Patients were divided into 4 groups according to the number of autotransplanted parathyroid 
glands (group 1: 0 autotransplanted parathyroid gland, group 2: 1 autotransplanted parathyr-
oid gland, group 3: 2 autotransplanted parathyroid glands, group 4: 3 autotransplanted 
parathyroid glands). Clinical data were analyzed among the four groups.
Results: The more parathyroid glands were transplanted, the higher the incidence of immediate 
hypoparathyroidism was (group 1: 32.9%, group 2: 52.9%, group 3: 65.8%, group 4: 82.4%; 
Pgroup 1 vs group 2 < 0.001, Pgroup 2 vs group 3 = 0.012, Pgroup 3 vs group 4 = 0.17). Parathyroid gland 
autotransplantation did not affect the incidence of permanent hypoparathyroidism (group 1: 1.4%, 
group 2: 1.3%, group 3: 0.9%, group 4: 0%; Pgroup 1 vs group 2 > 0.99, Pgroup 2 vs group 3 > 0.99, 
Pgroup 3 vs group 4 > 0.99).
Conclusion: The number of autotransplanted parathyroid glands was positively associated 
with the incidence of postoperative immediate hypoparathyroidism. Parathyroid gland auto-
transplantation was not associated with permanent hypoparathyroidism.
Keywords: parathyroid gland, autotransplantation, hypoparathyroidism, thyroid surgery

Introduction
Surgery was widely accepted as the primary therapy method for thyroid carcinoma.1,2 

Among the complications of thyroid surgery, postoperative hypoparathyroidism was 
the most common.3,4 The incidence of transient hypoparathyroidism ranged from 
10.8% to 64.4%, and the incidence of permanent hypoparathyroidism varied from 0 
to 31.1% across different researches.5–8 Hypoparathyroidism was the consequence of 
the reduction of the functional parathyroid parenchyma for mechanical or thermal 
trauma, devascularization, and inadvertent resection.9–11 Transient hypoparathyroidism 
may prolong hospitalization and increase the overall costs, and permanent hypopar-
athyroidism will severely affect the quality of life.9,12,13

In order to protect the parathyroid function, meticulous capsule dissection was 
used to preserve parathyroid glands and their blood supply, and autotransplantation 
was performed to save the function of parathyroid glands that were not able to be 
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preserved in site.14,15 In recent years, routine parathyroid 
gland autotransplantation (PGA) was suggested to prevent 
permanent hypoparathyroidism because of its’ predictable 
outcome.16,17 However, some studies discovered that PGA 
increased the risk of transient hypoparathyroidism and had 
no effects on permanent hypoparathyroidism.18,19 While 
some researchers indicated the incidence of hypoparathyr-
oidism was associated with the number of autotransplanted 
parathyroid glands (APGs).10,13,20 In consideration of 
these controversies, we conducted the study to explore 
the relationship between PGA and postoperative hypopar-
athyroidism, investigate the influence of the number of 
APG in hypoparathyroidism, and identify the risk factors 
for postoperative hypoparathyroidism.

Patients and Methods
We performed a retrospective analysis of patients who 
underwent thyroid surgery for papillary thyroid carcinoma 
at our institution from January 2014 to December 2018. 
Patients who met all the following criteria were 
included: 1) patients who underwent the initial thyroid 
surgery; 2) the minimal surgical extent consisted of total 
thyroidectomy (TT) and bilateral central lymph node dis-
section (BCND). The exclusion criteria included: 1) 
patients who had undergone neck surgery; 2) patients 
who had received neck radiation therapy; 3) patients who 
suffered from parathyroid diseases at the same time; 4) 
patients whose preoperative serum parathyroid hormone 
(PTH) and/or calcium was abnormal; 5) patients who 
received calcium supplementation for other causes; 6) 
patients with the incomplete medical record; 7) patients 
who lost to follow-up in 6 months. The study was 
approved by the Medical Ethics Committee of Chengdu 
Third People’s Hospital. And informed consent about the 
application of clinical data to medical research was 
obtained from all the subjects.

The surgical procedures were the same as those 
described by Su et al.21 Two professional thyroid surgeons 
(Wu J and Yao X) performed all procedures. Every para-
thyroid gland and its’ blood supply were attempted to 
identify and preserve during surgery. Excisional thyroid 
and central tissue were routinely examined for any poten-
tial inadvertently excisional parathyroid glands. When 
a parathyroid gland was non-viable or found in the intrao-
perative specimens, it was fragmented into 1-mm pieces 
and inserted into 3–4 muscular pockets in the contralateral 
sternocleidomastoid muscle after histological confirmation 
by intraoperative frozen biopsy. The inadvertently 

excisional parathyroid gland (IEPG) was defined as the 
presence of parathyroid tissue in the postoperative speci-
mens according to the pathologist.

Standardized perioperative management was applied to 
all patients with thyroid carcinoma. Neck ultrasound, lar-
yngoscopy, thyroid function, serum PTH and calcium were 
routine preoperative assessments. Neck computerized 
tomography was used when the tumor was clinical suspi-
cion for the advanced stage. Serum PTH and calcium were 
measured at 1 day, 1 month, 3 months, 6 months post-
operatively. Intravenous calcium supplementation (cal-
cium gluconate 10%, 20 mL) was routinely administered 
at the end of surgery and 1 day postoperatively. After that, 
oral calcium was administered according to the postopera-
tive serum PTH and symptoms. In these patients with mild 
hypoparathyroidism (PTH: 1.0 ~ 1.6 pmol/l), oral calcium 
supplementation of 1200 mg/day was prescribed. As for 
patients with medium hypoparathyroidism (PTH: 0.5 ~ 1.0 
pmol/l), the calcium of 1200 mg/day and calcitriol of 1.0 
ug/day were taken. And calcium of 1800 g/day and calci-
triol 1.5 ug/day were administered to the patients with 
severe hypoparathyroidism (PTH < 0.5 pmol/l). If patients 
suffered from mild symptoms, such as numbness of fin-
gers, an upgraded level of strategy of calcium supplemen-
tation based on the level of serum PTH would be taken. 
While, intravenous calcium supplement was administered 
to the patients with severe symptoms, for example, 
spasms. Patients were discharged when their serum cal-
cium was normal (2.1–2.7 mmol/l).

Hypoparathyroidism was defined as a serum PTH level 
of less than 1.6 pmol/l (normal range: 1.6–6.9 pmol/L) or 
presence of symptoms requiring calcium supplementation 
regardless of the PTH values. Hypocalcemia was defined 
as the less normal level in serum calcium (normal range: 
2.1–2.7 mmol/l). Postoperative immediate hypoparathyr-
oidism was defined as hypoparathyroidism at 1 day post-
operatively. Protracted hypoparathyroidism was defined 
when hypoparathyroidism occurred at 1 month postopera-
tively. It was regarded as permanent hypoparathyroidism 
when hypoparathyroidism lasted for more than 6 months.

The collected data included the following information: 
the demographic characteristics, preoperative assessment, 
details of surgical extent, number of the APG and IEPG, 
pathologic report, the incidence of postoperative hypopar-
athyroidism, preoperative and postoperative serum PTH 
and calcium, and tumor characteristics. And according to 
the number of APG, patients were divided into 4 groups: 
group 1 (0 APG), group 2 (1 APG), group 3 (2 APGs), 

https://doi.org/10.2147/CMAR.S323742                                                                                                                                                                                                                               

DovePress                                                                                                                                              

Cancer Management and Research 2021:13 6642

Wang et al                                                                                                                                                            Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


group 4 (3 APGs). The number of the parathyroid gland in 
site (ISPG) resulted from the formula: 4 minus the number 
of APG minus the number of IEPG.

The statistical analyses were conducted with SPSS 
version 23.0 software (SPSS Inc, Chicago, IL). 
Continuous data were expressed as mean ± standard devia-
tion (SD). Student’s t-test or Mann–Whitney test was used 
for continuous variables, and Pearson’s Chi-square test or 
Fisher’s exact test was used for categorical variables. 
When the variables were potentially statistically significant 
in univariate analysis (p < 0.1), they were analyzed by 
multivariable statistical analysis with binary logistic 
regression analysis to identify the risk factors for post-
operative immediate and permanent hypoparathyroidism. 
Statistical significance was set at P < 0.05.

Results
A total of 658 patients were included in the retrospective 
cohort study. Among them, 216, 314, 111, and 17 patients 
underwent autotransplantation of 0, 1, 2, and 3 parathyroid 
glands, respectively. There were no significant differences 
in the demographic characteristics (age, gender, body mass 
index), comorbidities (hypertension, diabetes, hyperthyr-
oidism, hypothyroidism, and nodular goiter), preoperative 
serum PTH and calcium, tumor characteristics, and post-
operative other complications (transient hoarseness, 
wound infection, postoperative bleeding, and chylous fis-
tula) between group 1 and group 2, between group 2 and 
group 3, between group 3 and group 4 (Table 1). The gross 
extrathyroidal extension of the tumor, use of carbon nano-
particles, and more lymph nodes (> 10) were dissected in 
the central zone were associated with PGA (P = 0.037, P < 
0.001, P < 0.001, respectively; Table 1).

As shown in Table 2, the more parathyroid glands were 
transplanted, the lower level the serum PTH at 1 day post-
operatively was (group 1: 2.36 ± 1.38, group 2: 1.79 ± 
1.18, group 3: 1.44 ± 0.95, group 4: 1.1 ± 0.81; 
Pgroup 1 vs group 2 < 0.001, Pgroup 2 vs group 3 = 0.002, 
Pgroup 3 vs group 4 = 0.16), the higher the incidence of 
immediate hypoparathyroidism become (group 1: 32.9%, 
group 2: 52.9%, group 3: 65.8%, group 4: 82.4%; 
Pgroup 1 vs group 2 < 0.001, Pgroup 2 vs group 3 = 0.012, 
Pgroup 3 vs group 4 = 0.17), and the longer the stay in hospital 
got (group 1: 4.2 ± 2.2, group 2: 4.9 ± 2.9, group 3: 5.8 ± 
5.4, group 4: 5.7 ± 2.8; Pgroup 1 vs group 2 = 0.008, 
Pgroup 2 vs group 3 = 0.039, Pgroup 3 vs group 4 = 0.91). 
However, PGA did not affect the incidence of protracted 
hypoparathyroidism (group 1: 5.1%, group 2: 6.4%, group 

3: 3.6%, group 4: 5.9%; Pgroup 1 vs group 2 = 0.54, 
Pgroup 2 vs group 3 = 0.28, Pgroup 3 vs group 4 = 0.52; 
Table 2) and permanent hypoparathyroidism (group 1: 
1.4%, group 2: 1.3%, group 3: 0.9%, group 4: 0%; 
Pgroup 1 vs group 2 > 0.99, Pgroup 2 vs group 3 > 0.99, 
Pgroup 3 vs group 4 > 0.99; Table 2).

Table 3 showed the details of the different management 
of parathyroid glands. A total of 587 parathyroid glands 
were autotransplanted among 442 patients, and 83 para-
thyroid glands were inadvertently resected among 80 
patients. There were significant differences in the inci-
dences of postoperative immediate hypoparathyroidism 
among patients with different numbers of APG when 
they did not undergo inadvertent parathyroid gland resec-
tion (0 APG: 28.8%, 1 APG 51.1%, 2 APG 63.3%, 3 APG 
82.4%, P < 0.001; Table 3). When one parathyroid gland 
was inadvertently resected, no significant differences in 
the incidence of postoperative immediate, protracted and 
permanent hypoparathyroidism were found among patients 
with different numbers of APG. When patients did not 
undergo PGA, the incidences of postoperative immediate 
hypoparathyroidism were significantly different among 
patients with different numbers of IEPG (0 IEPG:28.8%, 
1 IEPG: 59.1%, 2 IEPGs: 100%, P = 0.001; Table 3), 
while differences were not found in the incidence of pro-
tracted and permanent hypoparathyroidism. There also 
were no significant differences in incidence of postopera-
tive immediate, protracted and permanent hypoparathyr-
oidism between patients with and without one IEPG after 
undergoing PGA.

The analyses of potential risk factors for postopera-
tive immediate and permanent hypoparathyroidism were 
showed in Table 4. Gender, diabetes, hyperthyroidism, 
preoperative lymphadenectasis in the central zone, surgi-
cal extent, PGA, and inadvertently resected parathyroid 
gland might be associated with postoperative immediate 
hypoparathyroidism. And use of carbon nanoparticles 
and inadvertently resected parathyroid glands might 
affect permanent hypoparathyroidism. Multivariate ana-
lysis demonstrated that female gender (OR = 1.45; 95% 
CI 1.02–2.06; p = 0.038), PGA (OR = 2.74; 95% CI 
1.94–3.87; p < 0.001) and inadvertently resected para-
thyroid gland (OR = 2.02; 95% CI 1.23–3.32; p = 0.006) 
were independent risk factors for postoperative immedi-
ate hypoparathyroidism, and nonuse of carbon nanopar-
ticles (OR = 0.23; 95% CI 0.05–0.99; p = 0.049) and 
inadvertently removed parathyroid gland (OR = 4.36; 
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95% CI 1.01–18.79; p = 0.049) were independent risk 
factors for permanent hypoparathyroidism (Table 5).

Discussions
PGA is the exclusive way to restore the function of the 
parathyroid gland that could not be preserved in site. 
However, some researchers found that the function of the 

APG was not always able to recover to the preoperative 
level.22–24 Even so, some surgeons discovered PGA could 
reduce the incidence of permanent hypoparathyroidism 
and thus suggested routinely performed it.16,17 

However, some other studies suggested that PGA did not 
affect, even increase the incidence of permanent 
hypoparathyroidism.8,25

Table 1 The Characteristics Among 4 Groups with Different Number of Autotransplanted Parathyroid Gland

Variables Group 1 
(216)

Group 2 
(314)

Group 3 
(111)

Group 4 
(17)

P1vs2 P2vs3 P3vs4

Gender (F/M) 160/56 219/95 77/34 12/5 0.28 0.94 0.92

Age (years) 41.8±13.1 41.3±12.5 42.1±12.2 38.8±11.3 0.64 0.54 0.3

BMI (kg/m2) 22.9±3.4 23.4±3.5 23.1±3.4 23.2±4.3 0.09 0.42 0.89
Hypertension 21 39 12 1 0.34 0.65 0.85

Diabetes 5 11 2 2 0.43 0.57 0.09

Hyperthyroidism 10 12 2 0 0.65 0.47 >0.99
Hypothyroidism 7 4 1 0 0.21 >0.99 >0.99

Hashimoto’s Thyroiditis 65 96 36 7 0.91 0.72 0.48
Nodular goiter 117 176 63 12 0.67 0.9 0.28

Preoperative serum PTH (pmol/l) 5.34±1.94 5.77±2.22 5.72±2.13 5.47±2.03 0.15 0.83 0.66

Preoperative serum calcium (mmol/l) 2.33±0.1 2.34±0.36 2.32±0.11 2.31±0.13 0.68 0.66 0.68
Carbon nanoparticles 176 289 100 13 <0.001 0.53 0.22

Preoperative lymphadenectasis in the central 

zone

52 102 49 8 0.14 0.027 0.82

Largest size of lymph nodes (mm) 12.8±5.3 12±4.6 13.5±6.4 13.1±6.1 0.38 0.14 0.87

Surgical extent 0.12 0.18 0.68

TT+BCND 179 237 75 12
TT+BCND+ULND 32 65 28 5

TT+BCND+BLND 5 12 8 0

Largest tumor size (mm) 16±13.2 15.8±9.9 16.8±10.8 14.1±5.0 0.88 0.38 0.1
Tumor location (upper/middle/lower/isthmus) 58/84/62/12 87/124/82/21 22/50/24/15 6/5/3/3 0.89 0.051 0.55

Bilateral lobe tumors 50 87 31 1 0.24 0.96 0.1

Multifocal tumors 55 100 34 4 0.11 0.81 0.55
Gross extrathyroidal extension 26 59 30 2 0.037 0.07 0.29

Number of lymph nodes in the central zone 12.8±6.3 13.8±6.7 14.6±7.0 14.9±7.2 0.09 0.28 0.86

≤10/>10 126/90 88/226 29/82 2/15 <0.001 0.7 0.33
Number of metastatic lymph nodes in central 

zone

3.5±3.9 4.1±4.6 4.6±4.7 4.4±4.7 0.13 0.27 0.86

≤5/>5 154/62 204/110 67/44 13/4 0.13 0.39 0.2
Pathological T classification (T1/T2/T3a/T3b/ 

T4)

160/24/6/23/3 210/39/6/40/ 

19

65/15/1/19/11 13/2/0/2/0 0.07 0.36 0.12

Pathological N classification (N0/N1) 58/158 75/239 22/89 4/13 0.44 0.38 0.98
AJCC stage (I~II/ III~IV) 215/1 308/6 10/1 17/0 0.25 0.78 >0.99

Inadvertently resected PG 25 42 13 0 0.54 0.65 0.29

Transient hoarseness 5 9 6 0 0.7 0.24 0.65
Wound infection 4 10 5 0 0.34 0.73 >0.99

Postoperative bleeding 2 4 1 0 >0.99 >0.99 >0.99

Chylous fistula 0 2 4 0 0.51 0.043 >0.99

Notes: P1vs2, Group 1 vs Group 2; P2vs3, Group 2 vs Group 3; P3vs4, Group 3 vs Group 4. 
Abbreviations: F, female; M male; BMI body mass index; PTH parathyroid hormone; TT total thyroidectomy; BCND bilateral central lymph node dissection; ULND 
unilateral neck lymph node dissection (compartments II–V); BLND bilateral neck lymph node dissection (compartments II–V); PG, parathyroid gland.
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In the present study, use of carbon nanoparticles, gross 
extrathyroidal extension of the tumor, and more excisional 
lymph nodes (>10) in the central zone increased the inci-
dence of PGA. In recent decades, carbon nanoparticles has 
been used as a tracer to stain the thyroid and lymph system 

during thyroid surgery.26,27 Because it did not stain the 
parathyroid glands, carbon nanoparticles could help to 
identify them, which might assist to discover the parathyr-
oid gland in the specimens during surgery and thus 
increase the number of APG.26,27 Gross extrathyroidal 

Table 2 The Influence of Different Numbers of Autotransplanted Parathyroid Gland

Variables Group 1 
(216)

Group 2 
(314)

Group 3 
(111)

Group 4 
(17)

P1vs2 P2vs3 P3vs4

Postoperative PTH (pmol/l)

1 day 2.36±1.38 1.79±1.18 1.44±0.95 1.1±0.81 <0.001 0.002 0.16
1 month 3.79±1.75 3.6±1.59 3.73±1.51 2.85±1.32 0.24 0.51 0.049

6 months 3.99±1.73 3.81±1.7 3.8±1.23 2.95±1.27 0.54 0.95 0.2

Postoperative immediate hypoparathyroidism 
(%)

71 (32.9) 163 (51.9) 73 (65.8) 14 (82.4) <0.001 0.012 0.17

Protracted hypoparathyroidism (%) 11 (5.1) 20 (6.4) 4 (3.6) 1 (5.9) 0.54 0.28 0.52
Permanent hypoparathyroidism (%) 3 (1.4) 4 (1.3) 1 (0.9) 0 (0) >0.99 >0.99 >0.99

Postoperative serum calcium (mmol/l)

1 day 2.16±0.15 2.11±0.15 2.06±0.19 2.08±0.1 <0.001 0.021 0.79

1 month 2.3±0.15 2.29±0.19 2.33±0.33 2.24±0.1 0.66 0.12 0.27
6 months 2.26±0.2 2.23±0.18 2.26±0.15 2.26±0.13 0.47 0.57 0.99

Postoperative immediate hypocalcemia (%) 69 (31.9) 146 (46.5) 56 (50.5) 8 (47.1) 0.001 0.47 0.8

Protracted hypocalcemia (%) 18 (8.3) 30 (9.6) 4 (3.6) 1 (5.9) 0.63 0.047 0.52
Permanent hypocalcemia (%) 2 (0.9) 7 (2.2) 1 (0.9) 0 (0) 0.41 0.62 >0.99

Postoperative length of stay (days) 4.2±2.2 4.9±2.9 5.8±5.4 5.7±2.8 0.008 0.039 0.91

Abbreviation: PTH, parathyroid hormone.

Table 3 Comparison Among Groups with Different Management of Parathyroid Gland

The Number of 
Parathyroid Glands

N Postoperative Immediate 
Hypoparathyroidism (%)

Protracted 
Hypoparathyroidism (%)

Permanent 
Hypoparathyroidism (%)

0 APG 216 71(32.9) 11(5.1) 3(1.4)

4 ISPG 191 55(28.8) 9(4.7) 2(1.0)

3 ISPG+1 IEPG 22 13(59.1) 2(9.1) 1(4.5)
2 ISPG+2 IEPG 3 3(100) 0(0) 0(0)

P0APG 0.001 0.63 0.41

1 APG 314 163(51.9) 20(6.4) 4(1.3)
3 ISPG 272 139(51.1) 18(6.6) 3(1.1)

2 ISPG+1 IEPG 42 24(57.1) 2(4.8) 1(2.4)

P1APG 0.47 0.91 0.44
2 APG 111 73(65.8) 4(3.6) 1(0.9)

2 ISPG 98 62(63.3) 3(3.1) 0(0)

1 ISPG+1 IEPG 13 11(84.6) 1(7.7) 1(7.7)
P2APG 0.21 0.40 0.12

3 APG+1 ISPG 17 14(82.4) 1(5.9) 0(0)

P4PGs <0.001 0.57 0.74
P3PGs 0.19 0.79 0.68

Notes: P0APG, P value of comparison among rates of groups without autotransplanted parathyroid gland; P1APG, P value of comparison among rates of groups with 1 
autotransplanted parathyroid gland; P2APG, P value of comparison among rates of groups with 2 autotransplanted parathyroid glands; P4PGs, P value of comparison among 
rates of groups without inadvertently resected parathyroid gland; P3PGs, P value of comparison among rates of groups with one inadvertently resected parathyroid gland. 
Abbreviation: APG autotransplanted parathyroid gland; ISPG parathyroid gland in site; IEPG inadvertently excisional parathyroid gland.
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extension of the tumor might lead to increased difficulty in 
preserving parathyroid glands in their site and protecting 
their blood supply. More excisional lymph nodes meant 
a larger surgery extent, which would be an adverse factor 
in protecting the parathyroid gland.

Several studies demonstrated that the value of serum 
PTH at 1 day postoperatively decreased and the incidence 
of postoperative transient hypoparathyroidism increased as 
the parathyroid gland was transplanted.10,13,28 The current 

research was consistent with previous researches. It took at 
least 4 weeks for the APG to recover full function.29,30 So, 
the functional parathyroid gland tissue would reduce dur-
ing this period when the number of APG increased. The 
number of APG did not significantly affect the incidence 
of postoperative protracted and permanent hypoparathyr-
oidism. It might be the reason that almost all the patients 
had three or more functional parathyroid glands regardless 
of whether they were preserved in site or autotransplanted. 

Table 4 Univariate Analysis of Risk Factors for the Postoperative Immediate and Permanent Hypoparathyroidism

Variables Postoperative Immediate 
Hypoparathyroidism

Permanent Hypoparathyroidism

No (337) Yes (321) P No (650) Yes (8) P

Gender (F/M) 229/108 239/82 0.066 461/189 7/1 0.53
Age (years) 41.8±12.5 41.2±12.7 0.50 41.5±12.5 42.8±17.3 0.78

BMI (kg/m2) 23.2±3.5 23.2±3.4 0.78 23.2±3.4 23.2±4.2 >0.99

Hypertension 42 31 0.25 72 1 >0.99
Diabetes 6 14 0.054 20 0 >0.99

Hyperthyroidism 17 7 0.050 24 0 >0.99

Hypothyroidism 6 6 0.93 12 0 >0.99
Hashimoto’s Thyroiditis 104 100 0.94 201 3 0.99

Nodular goiter 183 185 0.39 364 4 0.74

Preoperative serum PTH (pmol/l) 5.68±2.06 5.48±2.19 0.24 5.59±2.13 5.17±1.93 0.58
Preoperative serum calcium (mmol/l) 2.32±0.12 2.34±0.36 0.18 2.33±0.27 2.3±0.16 0.78

Carbon nanoparticles 302 276 0.15 573 5 0.062

Preoperative lymphadenectasis in the central zone 96 115 0.044 207 4 0.48
Largest size of lymph nodes (mm) 12.6±5.5 12.6±5.2 0.90 12.5±5.3 16±6.2 0.20

Surgical extent 0.055 0.29

TT+BCND 271 234 500 5
TT+BCND+ULND 57 71 126 2

TT+BCND+BLND 9 16 24 1

Largest tumor size (mm) 15.6±10.2 16.4±12.1 0.34 15.9±10.8 26.1±27.4 0.33

Tumor location (upper/middle/lower/isthmus) 93/109/115/20 81/119/91/30 0.13 170/227/204/49 4/1/2/1 0.49

Bilateral lobe tumors 80 89 0.24 168 1 0.65

Multifocal tumors 94 99 0.41 192 1 0.51
Gross extrathyroidal extension 56 61 0.42 115 2 0.94

Number of lymph nodes in the central zone 13.6±6.7 13.5±6.6 0.86 13.6±6.6 14.4±10.1 0.74
≤10/>10 103/234 95/226 0.78 194/456 4/4 0.4

Number of metastatic lymph nodes in central zone 3.8±4.4 4.2±4.5 0.27 4±4.4 3.8±3.4 0.89

≤5/>5 225/112 213/108 0.91 433/217 5/3 >0.99
Pathological T classification (T1~T2/T3~T4) 277/60 251/70 0.2 523/127 5/3 0.41

Pathological N classification (pN0/pN1) 89/248 70/251 0.17 158/492 1/7 0.72

AJCC stage (I~II/III~IV) 331/6 319/2 0.29 642/8 8/0 >0.99
PGA 192 250 <0.001 437 5 0.72

Inadvertently resected PG 29 51 0.004 77 3 0.062

Transient hoarseness 11 9 0.73 20 0 >0.99
Wound infection 10 9 0.9 19 0 >0.99

Postoperative bleeding 4 3 >0.99 7 0 >0.99

Chylous fistula 3 3 >0.99 6 0 >0.99

Abbreviations: F, female; M male; BMI body mass index; PTH parathyroid hormone; TT total thyroidectomy; BCND bilateral central lymph node dissection; ULND 
unilateral neck lymph node dissection (compartments II–V); BLND bilateral neck lymph node dissection (compartments II–V); PG, parathyroid gland.
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Patients with three or more ISPGs scarcely underwent 
permanent hypoparathyroidism, nor did patients with 3 or 
more APGs.3,31

It was also controversial whether the parathyroid 
gland with potential injury of blood supply (parathyr-
oid gland with some degree of discolored) should be 
preserved in site or autotransplanted. Su et al and 
Lorente-Poch et al indicated that when three parathyr-
oid glands were preserved in site, the fourth parathyr-
oid gland did not significantly affect the incidence of 
permanent hypoparathyroidism regardless of whether it 
was preserved in site or autotransplanted.11,15 This 
study suggested when the number of functional para-
thyroid glands was equal, no matter what method was 
used to protect their function (preserved in site or 
autotransplanted), the incidences of protracted and per-
manent hypoparathyroidism were similar. This phe-
nomenon might attribute to the fact that at least one 
parathyroid gland was preserved in site and the number 
of functional parathyroid glands was more than three. 
Song and his colleagues demonstrated that one ISPG 
was sufficient to prevent permanent 
hypoparathyroidism.32

In the current study, the incidence of postoperative 
immediate hypoparathyroidism was 48.8%, and the com-
plication prolonged the postoperative length of stay (5.5 
± 3.8 days vs 4.3 ± 2.6 days, P < 0.001). Female gender 
was one of the risk factors for postoperative immediate 
hypoparathyroidism in the study, which had been 
reported in the previous study.33 Some studies suggested 
the proportions of parenchymal fat and stromal fat in 
parathyroid tissue were different between males and 
females.34,35 And Dufour et al confirmed that the weight 
of the parathyroid gland in men was higher than that in 
women.35 Besides, PTH secretion was affected by sex 

steroids, which were different between males and 
females.36,37 It was also speculated that the gender dis-
parity might lead to the difference in regulators of mono-
clonal proliferation and mitosis of parathyroid tissue and 
the difference in the anatomy of the parathyroid 
gland.37,38 As for other risk factors for immediate hypo-
parathyroidism, PGA and inadvertently resected parathyr-
oid gland both led to the reduction of postoperative real- 
time functional parathyroid parenchyma.

The study also suggested that the use of carbon nano-
particles was the protective factor for permanent hypopar-
athyroidism. Several studies indicated that carbon 
nanoparticles could assist to identify the parathyroid gland 
and decrease the incidence of the inadvertently resected 
parathyroid gland.26,27 Consistent with previous researches, 
inadvertently resected parathyroid gland increased the inci-
dence of permanent hypoparathyroidism.39,40

There were several limitations in this study. First, the data 
were retrospectively analyzed, and some selective biases were 
inevitable. Second, the APG could not be evaluated objec-
tively. Third, the sample size of the study, especially perma-
nent hypoparathyroidism, was small. Research with larger 
sample size and objective evaluation indicators, such as para-
thyroid glands were transplanted in the forearm, was neces-
sary to be conducted to verify the result in this study.

Conclusions
In conclusion, PGA increases the risk of postoperative 
immediate hypoparathyroidism, and the more parathyroid 
glands are transplanted, the more likely the immediate hypo-
parathyroidism occurs. Besides, female gender and inadver-
tently resected parathyroid gland may increase the risk of 
immediate hypoparathyroidism. PGA does not affect perma-
nent hypoparathyroidism when three or more functional para-
thyroid glands are reserved regardless of whether they are 

Table 5 Multivariate Analysis of Risk Factors for Postoperative Immediate and Permanent Hypoparathyroidism

Variables Postoperative Immediate Hypoparathyroidism 
(G=866.112,P<0.001)

Permanent Hypoparathyroidism (G=79.766, 
P<0.001)

OR 95% CI P OR 95% CI P

Female 1.45 1.02–2.06 0.038

Carbon nanoparticles 0.23 0.05–0.99 0.049

PGA 2.74 1.94–3.87 <0.001

Inadvertently resected PG 2.02 1.23–3.32 0.006 4.36 1.01–18.79 0.049

Abbreviations: PGA, parathyroid gland autotransplantation; PG, parathyroid gland.
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preserved in site or autotransplanted. The use of carbon nano-
particles could help to reduce the incidence of permanent 
hypoparathyroidism and the parathyroid gland should be iden-
tified as much as possible to avoid being inadvertently 
resected.

Abbreviations
PG, parathyroid gland; PGA, parathyroid gland autotrans-
plantation; APG, autotransplanted parathyroid gland; TT 
total thyroidectomy; BCND bilateral central lymph node 
dissection; PTH, parathyroid hormone; IEPG, inadver-
tently excisional parathyroid gland; ISPG, parathyroid 
gland in site; F, female; M male; BMI body mass index; 
ULND unilateral neck lymph node dissection (compart-
ments II–V); BLND bilateral neck lymph node dissection 
(compartments II–V).
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