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Abstract: Objective: To compare the effects of two parathyroid gland protection surgical procedures on postoperative 
parathyroid function and investigate the other factors on the risk of postoperative hypoparathyroidism. Methods: A 
total of 353 patients who underwent surgical treatment for thyroid carcinoma (TC) were studied. Two different surgi-
cal procedures to preserve parathyroid glands were used: A) non-exposure of the superior parathyroid gland and B) 
exposure of the superior parathyroid gland. The different surgical extent was categorized as group C) total thyroid-
ectomy only, D) total thyroidectomy + unilateral central lymph node dissection (CLND), and E) total thyroidectomy 
+ bilateral CLND. The frequency of hypocalcemia and hypoparathyroidism was analyzed according to the different 
groups. Results: Procedure B, unilateral CLND and bilateral CLND were independent factors for mild hypocalcemia, 
and the above three factors were also independent factors for severe hypocalcaemia, whereas Hashimoto’s thyroid-
itis was an inverse independent factor for mild and severe hypocalcemia. Regarding hypoparathyroidism, procedure 
B, unilateral CLND and bilateral CLND were independent factors, whereas Hashimoto’s thyroiditis was an inverse in-
dependent factor. There were 8 cases of permanent hypoparathyroidism. Conclusion: Non-exposure of the superior 
parathyroid glands in situ was associated with lower hypoparathyroidism rates. When thyroidectomy plus bilateral 
CLND was performed, the risk of hypoparathyroidism dramatically increased. The key of the capsular dissection 
during total thyroidectomy was to preserve the parathyroid glands with a good blood supply in situ. Hashimoto’s 
thyroiditis may be a protective factor in hypoparathyroidism.

Keywords: Thyroid carcinoma, neck lymph node dissection, parathyroid glands, hypocalcemia, hypoparathyroid-
ism, capsular dissection technique

Introduction

Thyroid carcinoma (TC), especially differentiat-
ed thyroid carcinoma (DTC), which accounts for 
1% of all malignant neoplasms and 2.7% of all 
malignant tumors in females, is the most com-
mon malignancy in the head and neck region 
[1, 2]. As with most cancers, lymphatic spread 
may occur at the time of diagnosis. Central 
lymph node metastasis is observed in 20%-
90% of patients [3-5]. 

Total thyroidectomy (TT) combined with central 
lymph node dissection (CLND) is currently the 
preferred treatment for TC. William Stuart 
Halsted recognized the importance of the infe-
rior thyroid artery as the principal blood supply 
of the parathyroid glands in 1907, and later 

other great surgeons, such as Norman Thom- 
pson and Thomas Reeve, developed the tech-
nique of capsular dissection, making the opera-
tion practical and relatively safe [6-9]. With 
accumulating experience and knowledge of TT, 
the two main points, avoidance of injury to the 
recurrent laryngeal nerve (RLN) and the exter-
nal branch of the superior laryngeal nerve, have 
been solved. However, another complication-
hypoparathyroidism-is often encountered clini-
cally, in addition to which severe permanent 
hypoparathyroidism may result in tetany and 
lead to death. The risk of permanent hypopa- 
rathyroidism following thyroidectomy remains 
unclear. TC and other factors, such as an inap-
propriate surgical technique, may cause an in- 
creased risk of developing hypoparathyroidism 
postoperatively [10, 11].
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For the above reasons, we hypothesized that 
different surgical procedures, different extents 
of resection and other uncertain factors can 
influence blood circulation in the parathyroid, 
likely leading to different incidences of hypo-
parathyroidism. Thus, our aim was to compare 
2 different techniques for preserving the supe-
rior parathyroid gland (SPG) and to analyze dif-
ferent surgical extents and other potential fea-
tures of hypoparathyroidism.

Materials and methods

Patient characteristics

This historic cohort study was conducted in 
353 patients who underwent surgical treat-
ment for TC between June 2007 and June  
2014 at the Department of Head and Neck 
Surgery in Perking University Cancer Hospital, 
Beijing, China. All patients were diagnosed with 
TC by postoperative pathology. Pathological 
staging was from T1N0M0 to T4N1M0. From 
the medical records, we retrieved personal 
data for the patients, including the surgical 
approach used to protect the SPG, the extent of 
the surgery, hypocalcemia, relevant serological 
parameters, age, gender, pathological diagno-
sis, thyroid gland size, tumor size, capsular 
invasion, lymph node metastasis, incidental 
parathyroidectomy (IP), parathyroid autotrans-
plantation (PAT) and any other clinicopathologi-
cal characteristics. The study was approved by 
the institutional review board of our hospital, 
and informed consent was obtained from all 
patients. Patients with renal disease concomi-
tant parathyroid pathologies, severe chronic 
organic insufficiency or no postoperative iPTH 
and serum calcium were excluded from the  
current study. 

Surgical procedure and parathyroid preserva-
tion

The surgical technique of TT was capsular dis-
section [6-9]. After generating a collar incision, 
the strap muscles were separated at the mid-
line. The overlying strap muscle was dissected 
off the gland, and the superior pole was gradu-
ally separated from the overlying muscle. After 
the cricothyroid space was opened, the branch 
of the superior thyroid artery had to be identi-
fied and carefully ligated. 

The surgical procedures were predominantly 
guided based on clinical manifestations of the 

tumors. If the tumors were far away from the 
superior pole with a safe resection scope, then 
procedure A was applied; and if the tumors 
were near the superior pole and/or there were 
plans for RAI therapy, then procedure B was 
applied.

Procedure A was non-exposure of the SPGs. 
The key to this procedure was to take ad- 
vantage of the anatomy of the RLN. Once the 
nerve was identified along the tracheoeso- 
phageal groove, it was traced to its entrance 
point into the larynx. The SPGs, the surrounding 
adipose mass as a whole were dissected in  
the thyroid capsule. In this circumstance, we 
reserved a small amount of thyroid gland in  
the region of the ligament of Berry to ensure 
the blood supply to the SPGs. 

Procedure B was implemented to expose the 
SPGs. We recognized and dissected them from 
the capsule of the thyroid gland, avoiding in- 
jury to their tender vascular pedicles. After the 
SPGs with their vascular pedicles were disse- 
cted thoroughly from the capsule, the anatomy 
of the RLN and lobotomy were performed.  
Any blood disorder of the parathyroid gland 
should be removed, placed in ice-cold saline 
and transplanted into the nearby sternomas-
toid muscle. 

The inferior parathyroid gland (IPG) was pro-
tected using a similar capsular technique. 
During the operation, the terminal branches  
of the superior and inferior thyroid arteries 
were ligated distal to the parathyroid glands in 
the case of a compromise to their blood sup-
plies. If devascularization or IP occurred, PAT 
was performed.

Selective central or lateral LND was used. The 
central compartment of the thyroid gland was 
defined as level VI, which included the pretra-
cheal, paratracheal, and prelaryngeal lymph 
nodes. The lateral compartment was defined 
as level II-V. In these cases, CLND was per-
formed because suspicious lymph nodes were 
detected by imaging examinations or palpa- 
tion. Finally, unilateral CLND was performed in 
185 patients, whereas bilateral CLND was per-
formed in 90 patients. The different extent of 
the surgical procedure was categorized as C: 
total thyroidectomy (TT); D: total thyroidectomy 
(TT) + unilateral CLND; and E: total thyroidec-
tomy (TT) + bilateral CLND.
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Preoperative evaluation and follow-up

Routine serum calcium (reference normal 
range: 2.12-2.75 mmol/L) and parathyroid hor-
mone (PTH reference range: 16-65 pg/mL) lev-
els were measured in our hospital laboratory 

Chi-square test or Fisher’s exact test as ap- 
propriate. Multiple variables were evaluated by 
multi-classification or binary logistic regres-
sion. To assess the effect of the different sur- 
gical procedures on protecting the function  
of PG, patients were separated into A and B 

Table 1. Demographic and perioperative data of 353 patients with 
thyroid cancer

Variables No. of 
patients

Hypocalcaemia p 
value

Hypoparathyroidism p 
valueNo Mild Severe No Yes

Age (year) 0.056 0.008
    ≤45 160 87 49 24 83 77
    >45 193 129 44 20 127 66
Gender 0.716
    Male 105 66 27 12 0.896 64 41
    Female 248 150 66 32 146 102
0T (min) 0.571
    ≤120 221 137 57 27 0.932 134 87
    >120 132 79 36 17 76 56
PAT 0.190 0.740
    Yes 77 42 21 14 39 38
    No 276 174 72 30 171 105
GS (cm) 0.127 0.079
    ≤5 272 161 76 39 155 117
    >5 81 55 21 5 55 26
HT 0.167 0.089
    Yes 67 46 17 4 46 21
    No 286 170 76 40 164 122
T Stage 0.417 0.057
    T0-T2 198 126 51 61 127 71
    T3-T4 155 90 42 23 83 72
IP 0.192 0.944
    Yes 40 22 15 3 24 16
    No 313 194 78 41 186 127
CV 0.367 0.090
    Yes 150 88 39 23 81 69
    No 203 128 54 21 129 74
LLND 0.859 0.785
    Yes 74 47 19 8 43 31
    No 279 169 74 36 167 112
Procedure 0.005 0.000
    A 127 92 25 10 96 31
    B 226 124 68 34 114 112
Extent 0.000 0.000
    C 78 66 9 3 64 14
    D 185 115 50 20 114 71
    E 90 35 34 21 32 58
OT: Operation time; PAT: Parathyroid autotransplantation; GS: Thyroid gland size; HT: 
Hashimoto’s thyroiditis; IP: Incidental parathyroidectomy; CV: Capsular violation; LLND: 
Lateral lymph node dissection.

using standard methods 
with spectrophotometric 
techniques and paramag-
netic particle chemilumi-
nescent enzyme immuno-
assay. Serum calcium was 
measured at 6 hours and 
PTH levels at 24 hours 
postoperatively. Patients 
were considered to have 
postoperative mild hypo-
calcemia if they had a 
postoperative serum calci-
um concentration between 
1.80~2.10 mmol/L. Seve- 
re hypocalcemia was de- 
fined as subjective or 
objective symptoms such 
as tingling, numbness or 
carpopedal spasm and/ 
or a postoperative serum 
calcium concentration be- 
low 1.80 mmol/L. Patients 
were all trained and edu-
cated with respect to re- 
porting the symptoms of 
hypocalcemia to the clini-
cians on time. Permanent 
hypoparathyroidism was 
defined as serum calcium 
and PTH levels below the 
normal range after 12 
months postoperatively. In 
some patients, oral or in- 
travenous calcium gluco-
nate 1-2 g supplement was 
administered after seve- 
re symptomatic hypocalce-
mia. All patients were fol-
lowed up at regular inter-
vals in the outpatient de- 
partment.

Statistical analysis

The SPSS statistical pack-
age (version 19.0; Chicago, 
IL) was used to analyze the 
data. Categorical variables 
were evaluated using the 
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groups. Similarly, patients were separated into 
C, D and E groups to evaluate the impact of the 
different surgical extents on the rate of postop-
erative hypocalcemia and other relevant sero-
logical parameter. P-values less than 0.05 were 
considered statistically significant.

Results

Patient characteristics and laboratory results

Our analysis comprised 353 patients who 
underwent thyroid carcinoma surgery during 

transient hypocalcemia 

The univariate analysis revealed that the sur- 
gical procedure and surgical extent were risk 
factors for postoperative transient hypocalce-
mia. The multiple logistic regression analysis 
demonstrated that SPG exposure (group B  
vs. group A) (OR=1.929, 95% CI: 1.090~3.413, 
P=0.24), unilateral CLND (group D vs. group  
C) (OR=3.391, 95% CI: 1.532~7.505, P=0.03), 
and bilateral CLND (group E vs. group C) (OR= 
8.542, 95% CI: 3.436~21.241, P=0.00) were 
independent risk factors for mild hypocalce-

Table 2. Multivariate analyses of mild hypocalcaemia (n=93) and 
severe hypocalcemia (n=44)

Factors
Mild hypocalcemia Severe hypocalcemia

OR (95% CI) p OR (95% CI) p
Age (year) >45 1.42 (0.84~2.41) 0.196 1.56 (0.77~3.15) 0.218
OT (min) >120 1.07 (0.57~2.01) 0.828 1.07 (0.46~2.48) 0.875
B vs. A 1.93 (1.09~3.41) 0.024 2.31 (1.02~5.25) 0.044
PAT 1.01 (0.52~1.97) 0.974 0.67 (0.29~1.52) 0.333
HT 1.50 (0.77~2.94) 0.239 0.24 (0.08~0.78) 0.020
CV 1.91 (0.41~8.97) 0.410 0.25 (0.02~3.19) 0.283
T stage 0.62 (0.13~2.87) 0.539 3.27 (0.25~41.68) 0.370
D vs. C 3.39 (1.53~7.51) 0.003 4.27 (1.16~15.75) 0.030
E vs. C 8.54 (3.44~21.24) 0.000 8.96 (4.69~76.61) 0.000
IP 0.67 (0.35~1.46) 0.309 0.67 (0.31~1.46) 0.309
LLND 0.79 (0.35~1.82) 0.587 0.88 (0.35~2.19) 0.779
OT: Operation time; PAT: Parathyroid autotransplantation; HT: Hashimoto’s thyroiditis; 
IP: Incidental parathyroidectomy; CV: Capsular violation; LLND: Lateral lymph node 
dissection; A: Non-exposure SPG; B: Exposure SPG; C: Thyroidectomy only; D: Thyroid-
ectomy + unilateral CLND; E: Thyroidectomy + bilateral CLND.

the study period. There were 
248 (70.3%) women and 
105 (29.7%) men with a 
mean age of 46.9±14.3  
who minimally underwent 
total thyroidectomy. 

One hundred thirty-seven 
(38.8%) patients suffered 
from hypocalcemia. Among 
them, the incidence of mild 
hypocalcemia was 26.3%, 
and the incidence of severe 
hypocalcemia was 12.5%. 
The incidence of transient 
hypocalcemia was 27.6% 
(35/127) and 45.1% (102/ 
226) in the procedure A  
and B groups, respectively. 
In pathological types, 335 
(94.9%) patients had papil-
lary thyroid carcinoma, 12 

Table 3. Multivariate analyses of hypoparathyroidism 
(n=143)

Factors P 
value OR

95% Cl
Lower Upper

Age >45 years 0.141 1.44 0.89 2.32
Operation time (min) >120 0.683 1.13 0.63 2.03
B vs. A 0.000 2.92 1.72 4.94
PAT 0.344 0.75 0.42 1.36
HT 0.031 0.50 0.27 0.94
CV 0.953 1.05 0.23 4.82
T stage 0.814 0.83 0.18 3.82
D vs. C 0.001 3.07 1.56 6.07
E vs. C 0.000 9.66 4.38 21.31
IP 0.342 1.33 0.74 2.40
LLND 0.087 1.67 0.93 3.10
PAT: Parathyroid autotransplantation; HT: Hashimoto’s thyroiditis; IP: 
Incidental parathyroidectomy; CV: Capsular violation; LLND: Lateral 
lymph node dissection.

(3.4%) had follicular thyroid carcinoma, 5 
(1.42%) had medullar thyroid carcinoma 
and 1 (0.28%) presented poorly differenti-
ated thyroid carcinoma.

Among patients who only received TT, 78 
(22.1%) were in group C, TT plus unilateral 
CLND were performed in 185 (52.4%) 
patients in group D, and TT plus bilateral 
CLND were performed in the other 90 
(25.5%) patients in group E. There were 
216 (61.2%) patients with normal serum 
calcium levels without clinical symptoms. 
Hypoparathyroidism was present in 143 
(40.5%) patients; 8 (2.27%) patients pre-
sented permanent hypoparathyroidism. 
The patient demographics, clinicopatho-
logical characteristics, and other operative 
details are indicated in Table 1.

Analysis of risk factors for postoperative 
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mia, whereas SPG exposure (group B vs. group 
A) (OR=2.318, 95% CI: 1.024~5.249, P=0.044), 
unilateral CLND (group D vs. group C) (OR= 
4.265, 95% CI: 1.155~15.750, P=0.00), and 
bilateral CLND (group E vs. group C) (OR= 
18.975, 95% CI: 4.691~76.611, P=0.000) were 
independent risk factors for severe hypocalce-
mia. In contrast, HT was an inverse indepen-
dent factor (OR=0.244, 95% CI: 0.019~3.186, 
P=0.020) (Table 2).

Analysis of postoperative risk factors for tran-
sient hypoparathyroidism

The univariate analysis also showed that the 
surgical procedure and surgical extent were 
risk factors for postoperative transient hy- 
poparathyroidism. Multiple logistic regression 
analysis showed that SPG exposure (group B 
vs. group A) (OR=2.917, 95% CI: 1.721~4.942, 
P=0.000), unilateral CLND (group D vs. group 
C) (OR=3.074, 95% CI: 1.557~6.072, P=0.001), 
and bilateral CLND (group E vs. group C) (OR= 
9.660, 95% CI: 4.380~21.307, P=0.00) were 
independent risk factors for transient hy- 
poparathyroidism. In contrast, HT was an in- 
verse independent factor (OR=0.500, 95% CI: 
0.267~0.938, P=0.032) (Table 3).

Analysis of risk factors for postoperative per-
manent hypoparathyroidism

Overall, there were 8 cases of permanent hypo-
parathyroidism in our study. Seven cases were 
adopted in surgical procedure B (87.5%), and 
only 1 was adopted in procedure A (12.5%). 
Five cases demonstrated Extent E (62.5%), 2 
cases had Extent D (25.0%) and one case had 

Although the capsular technique has been pop-
ularized, postoperative hypoparathyroidism is 
the most common complication of total thy- 
roidectomy [10, 11]. Studies have showed that 
the incidences of transient hypoparathyroid- 
ism and permanent hypoparathyroidism have 
reached 5.5-52.5% and 0-7%, respectively, fol-
lowing total thyroidectomy with or without CLND 
[12-16].

The core of this problem is the tender blood 
supply systems of the PG. Most previous 
research has shown that the superior parathy-
roid glands have their own miniscule end-arter-
ies that originate mainly from the inferior thy-
roid artery, which is sometimes supplied by  
a branch from the superior thyroid artery and 
sometimes associated with an anastomotic 
branch running between the superior and in- 
ferior thyroid artery territories [17].

We found the SPGs were sometimes capable of 
assuming a black color even after careful pres-
ervation while connected to the soft tissue. 
This black color was clearly due to venous dis-
orders and not to arterial ischemia; otherwise, 
a tan color would appear. The delayed hypo-
parathyroidism was more reasonably interpret-
ed based on venous congestion rather than 
arterial ischemia. Therefore, we believe that it 
is more important to preserve the venous  
system. However, unfortunately, we still know 
very little about the venous system of PGs [18]. 
A recent study demonstrated that the thyroid 
and parathyroid glands commonly share their 
supplying vessels at the level of the thyroid  
capsule [19]. This non-exposure SPG procedure 
is more likely to be a “near total” thyroidectomy. 

Table 4. Demographic and perioperative data of patients with per-
manent hypoparathyroidism
Patient Procedure Gender Extent Age (year) PAT Pathology T Stage IP
1 A F C 44 1 Papillary 1 1
2 B F E 43 1 Papillary 1 0
3 B F D 50 0 Follicular 4 1
4 B F E 49 1 Papillary 1 1
5 B F E 37 0 Papillary 1 0
6 B M E 29 0 Follicular 1 1
7 B M E 48 0 Papillary 3 0
8 B F D 51 0 Papillary 3 1
A: Non-exposure SPG; B: Exposure SPG; C: Thyroidectomy only; D: Thyroidectomy + 
unilateral CLND; E: Thyroidectomy + bilateral CLND; PG: Parathyroid gland; F: Female; 
M: Male; PAT: Parathyroid autotransplantation; IP: Incidental parathyroidectomy.

Extent C (12.5%), demon-
strating a tendency similar 
to the transient hypopara-
thyroidism group. Non-expo- 
sure of SPGs was superior 
to exposure of SPGs for pro-
tecting their function. The 
more extensive the extent  
of the surgery, the greater 
the tendency was of de- 
veloping hypocalcemia. No 
concomitant HT was dete- 
cted in this group (Table 4).

Discussion
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Therefore, the present study showed that non-
exposure SPGs were associated with not only 
greater effectiveness for the prevention of 
hypoparathyroidism rates but also were more 
convenient for surgery by eliminating the com-
plex anatomy of the SPG. The key is that when 
SPGs are dissected together with the surround-
ing adipose capsule, which sometimes includes 
the partial thyroid capsule itself carrying the 
vessel, non-exposure SPGs shows less inter-
ruption of the venous reflex. The exposure SPGs 
themselves can injure the vessels that supply 
the parathyroid. SPGs and their surrounding 
adipose capsule that were not identified and 
that were reserved as a whole may be the best 
tactics to ensure a blood supply to prevent 
postoperative hypoparathyroidism. 

It remains controversial whether elective or 
prophylactic CLND should be performed in 
patients with T1 and T2 cancer [20, 21]. In cN0 
patients, some surgeons prefer to perform pro-
phylactic CLND because they consider central 
lymph node dissection to be incapable of 
increasing the risk of hypoparathyroidism [22, 
23]. However, other researchers have demon-
strated that central lymph node dissection is 
an important factor for increasing the incidence 
of hypoparathyroidism, and previous studies 
have reported that lymph node metastasis may 
only impact recurrence but not survival [24-26]. 
Our study revealed that a more extensive surgi-
cal extent may lead to the incidence of hypo-
parathyroidism. The risk of hypoparathyroidism 
increased when CLND was performed with thy-
roidectomy, and there was a greater possibi- 
lity of bilateral CLND than unilateral CLND. 
Giordano et al. provided approximate results in 
2012 [27]. These studies showed that sur-
geons should be alert to hypoparathyroidism 
during the performance of bilateral CLND. This 
result showing that unilateral or bilateral CLND 
may increase the risk of hypocalcemia provid- 
ed another important reference for hesitation 
and debate regarding controversial prophylac-
tic central neck dissection [20, 28, 29].

In addition to the surgical procedure and the 
extent of resection affected by the incidence  
of hypoparathyroidism, another interesting dis-
covery was obtained in the present study. We 
found that in Hashimoto’s thyroiditis (HT) con-
comitant with papillary thyroid carcinoma, HT is 
a protective factor that decreases the rate of 

hypoparathyroidism (OR=0.500). The relation-
ship between HT and the development of TC 
remains controversial [30, 31]. Recent reports 
have shown that HT presents anti-tumor re- 
sponses in the presence of PTC, with an earlier 
clinicopathological stage and a lower rate of 
extra-glandular involvement. We also found a 
tendency toward a reduced thyroid diameter in 
the HT group, although this difference was not 
significant (P=0.07). The favorable outcome of 
these patients suggests that the association 
with thyroiditis may represent an anti-tumor 
response [32-34]. 

The ideal method to minimize permanent hypo-
parathyroidism is to preserve as much func-
tional parathyroid tissue in situ as possible. 
However, in some glands, infarcts may subse-
quently appear due to thrombosis of the te- 
nuous vascular supply, or they may occasio- 
nally be inadvertently removed with the thy- 
roid specimen during surgery due to a lack  
of identification intraoperatively. These glands 
can sometimes only be found by histological 
examination postoperatively. Although there 
were no significant differences in hypoparathy-
roidism between the PAT group vs. the non-PAT 
group (P=0.74) or the IP group vs. the non-IP 
group (P=0.944) in our study, previous investi-
gators confirmed, both biochemically and clini-
cally, the success of PAT in a large series  
of patients undergoing parathyroidectomy [35, 
36]. We contend that when preservation of  
the parathyroid tissue in situ is not an option, 
the best alternative is PAT.

Considering the clinical relevance and impor-
tance of our findings, several limitations and 
nuances should be noted. First, the sample size 
in our study was not large enough, and the 
study design was not prospective. Second, all 
of the operations were performed by different 
surgeons in the same hospital, and the data 
were collected from a single institution. Thus, 
our conclusions may not be applicable to all 
surgeons and to all centers. Third, evaluation of 
the status and viability of the parathyroid gland 
blood circulation remains a subjective determi-
nation. Finally, several other unknown factors, 
despite efforts to avoid them, could have influ-
enced the results. Thus, further analyses are 
needed to confirm the present findings.

In summary, the procedure of non-exposure of 
the superior parathyroid glands in situ was 
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associated with reduced hypoparathyroidism 
rates. Following thyroidectomy plus bilateral 
CLND, the risk of hypoparathyroidism increased 
dramatically. The key of capsular dissection 
during total thyroidectomy was the preser- 
vation of the parathyroid glands with a good 
blood supply in situ. HT concomitant with TC 
may be a protective factor in hypoparathy- 
roidism.
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