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Abstract
The indication for autotransplantation of parathyroid glands is still controversial. A new classification of parathyroid glands based on
the positional relationship among parathyroid glands, thyroid gland and thymus was created to decide in situ preservation or
autotransplantation during thyroid surgery.
A retrospective study included patients with papillary thyroid cancer who underwent total thyroidectomywith bilateral central lymph

node dissection between November 2014 and November 2016. According to the application of the new classification (December
2015–November 2016) or traditional method (preservation of all functional parathyroid glands in situ, November 2014–November
2015), the patients were divided into new classification and traditional groups.
The traditional method was utilized in 288 patients who underwent surgery during the first half of the study, while the new

classification was applied to 249 patients during the latter half of the study. The incidence of transient hypoparathyroidismwas 43.0%
(107/249) in new classification group and 35.8% (103/288) in the traditional group, respectively (P= .093). The corresponding
incidence of permanent hypoparathyroidism was 0.4% (1/249) and 4.5% (13/288) (P= .002).
The new classification of parathyroid glands potentially reflects the difficulty of preservation and helps to make a reasonable

decision on preservation or autotransplantation of a parathyroid gland, which may minimize the incidence of permanent
hypoparathyroidism.

Abbreviations: AJCC = American Joint Committee on Cancer, PTC = papillary thyroid cancer, PTH = parathyroid hormone.

Keywords: classification, papillary thyroid cancer, parathyroid gland, permanent hypoparathyroidism
1. Introduction

Hypoparathyroidism is one of the most common complications
after thyroidectomy. Theoretically, the best method, which is also
the general recommendation, to prevent hypoparathyroidism is
to preserve all parathyroid glands and their blood supply in situ.
However, the blood supply is frequently injured in spite of
meticulous dissection.[1–4] Selective autotransplantation is per-
formed as a remedial measure when a parathyroid gland is
devascularized or resected inadvertently.[4] However, the blood
supply of parathyroid glands often varies due to the unique
embryonic development. Color judgment for devascularization
of parathyroid glands is extremely subjective.[3] Different
Editor: Perbinder Grewal.

The study was supported by the 1.3.5 project for disciplines of excellence, West
China Hospital, Sichuan University.

The authors have no conflicts of interest to disclose.

Department of Thyroid Surgery,West China Hospital, Sichuan University,
Chengdu, Sichuan Province, China.
∗
Correspondence: Jingqiang Zhu, Department of Thyroid Surgery, West China

Hospital, Sichuan University, NO. 37 Guo Xue Xiang, Chengdu 610041, Sichuan
Province, China (e-mail: 17643571@qq.com).

Copyright © 2018 the Author(s). Published by Wolters Kluwer Health, Inc.
This is an open access article distributed under the terms of the Creative
Commons Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-
ND), where it is permissible to download and share the work provided it is
properly cited. The work cannot be changed in any way or used commercially
without permission from the journal.

Medicine (2018) 97:48(e13231)

Received: 1 May 2018 / Accepted: 22 October 2018

http://dx.doi.org/10.1097/MD.0000000000013231

1

surgeons may have different subjectivity on discoloration and
adopt different methods of in situ preservation or autotrans-
plantation. Controversy surrounds the method because perma-
nent hypoparathyroidism still often occurs.
Autotransplantation is an effective strategy for restoration of

parathyroid function.[1,5,6] Therefore, some surgeons advocate
routine parathyroid autotransplantation to prevent permanent
hypoparathyroidism because they believe the function of the
autotransplanted glands is more predictable than that of the
glands left in situ presumably with adequate blood supply.[4]

However, it increases the incidence of transient hypoparathy-
roidism.[7,8] In addition, several studies reported increased risk of
permanent hypoparathyroidism after parathyroid autotrans-
plantation.[9,10] The primary causes of parathyroid deficiency
include mechanical or thermal trauma, accidental resection,
devascularization with secondary necrosis of parathyroid glands
preserved in situ, and dysfunction of parathyroid glands before
and/or after autotransplantation. Therefore, identification of an
appropriate occasion to make a decision on preservation or
autotransplantation of parathyroid glands is crucial to preserve
their function and prevent postoperative hypoparathyroidism.
No existing noninvasive method can accurately decide when to

autotransplant parathyroid glands. The indication for auto-
transplantation is still controversial. Based on the positional
relationship among parathyroid glands, thyroid gland and
thymus, a new classification of parathyroid glands was created
to reflect the difficulty of preservation and help to decide in situ
preservation or autotransplantation. The aim of the study was to
investigate whether the new classification of parathyroid glands
could effectively decrease the incidence of permanent hypopara-
thyroidism.
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Figure 1. Schematic illustration of the types of parathyroid gland.
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2. Patients and methods

2.1. Patients

Consecutive papillary thyroid cancer (PTC) patients who
underwent total thyroidectomy with bilateral central lymph
node dissection in the Department of Thyroid Surgery, West
China Hospital of Sichuan University between November 2014
and November 2016 were included retrospectively from a
prospective database. PTC was diagnosed by histopathological
examination on ultrasound-guided fine needle aspiration biopsy
and finally confirmed by paraffin section examination. Exclusion
criteria included previous thyroid or parathyroid surgery,
preoperative parathyroid glands dysfunction, pregnancy, lobec-
tomy, ipsilateral central lymph node dissection, and lateral lymph
node dissection. According to the application of the new method
(the new classification of parathyroid glands) or traditional
method (selective autotransplantation) to determine in situ
preservation or autotransplantation of parathyroid glands,
patients were divided into the new group and the traditional
group. The traditional method was applied until November 30,
2015, and the new method was used after December 1, 2015. All
patients were informed and agreed to follow-up meetings at least
6 months after surgery. The study was approved by the medical
ethics committee of West China Hospital, Sichuan University.
2.2. Indications of total thyroidectomy with bilateral
central lymph node dissection

The indications for total thyroidectomy in our department are as
followed:
1)
2)
high risk (family history and radiation exposure);
bilateral or multifocal PTC;
3)
 unilateral PTC with contralateral nodule(s);

4)
 isthmus PTC;

5)
 PTC>4cm (stage T3);

6)
 extrathyroidal invasion (stages T3 and T4);

7)
 pathologic variables including tall cell variant, diffuse
sclerosis variant, solid variant, and follicular variant;
bilateral central lymph node or lateral lymph node
8)

metastases;
distant metastases; and
9)

10)
 TERT (+) (by analysis of preoperative fine needle aspiration).
The indications for bilateral central lymph node dissection
include:
1)
2)
bilateral PTC;
isthmus PTC;
3)
 PTC with stage T3 and T4;

4)
 prelaryngeal and/or pretracheal lymph node metastases;

5)
 bilateral central lymph node or lateral lymph node metastases;
and
TERT (+) (by analysis of preoperative fine needle aspiration).
6)
2.3. Classification of parathyroid glands

According to the positional relationship among parathyroid
glands, thyroid gland, and thymus, parathyroid glands are
classified as type A and type B in our department (Fig. 1). There
are 3 subtypes in each type of parathyroid glands. The details of
the 6 subtypes of parathyroid glands are shown in Figure 2. The
type A PG has close relationship with thyroid gland, which
contains 3 subtypes (types A1, A2, and A3). The type A1 PG
2

clings to thyroid gland and locates outside of thyroid capsule
(extracapsular), which is not easy to separate from thyroid gland
(Fig. 2A). The type A2 PG is partly or totally embedded in thyroid
gland, but also locates outside of thyroid capsule (extracapsular)
(Fig. 2B). It is very difficult to separate type A2 PG from thyroid
gland. The type A3 PG locates in thyroid parenchyma (intra-
thyroidal) or thyroid subcapsular (intracapsular), which is only
found in resected thyroid specimen (Fig. 2C). The type B PG has
no close relationship with thyroid gland, but some have certain
relationship with thymus. There are also 3 subtypes in the type B
PG, including types B1, B2, and B3. The type B1 PG locates
around thyroid gland including all the type B PG except for types
B2 and B3 PG (Fig. 2D). The type B2 PG locates in thymus
parenchyma (intrathymus), which is easy to preserve in situ
(Fig. 2E). The type B3 PG locates around thymus, which is mainly
supplied by the vessels of thymus or mediastinum and also easy to
preserve in situ (Fig. 2F). The strategies of the new classification
for in situ preservation and autotransplantation during total
thyroidectomy with bilateral central lymph node dissection
include preservation of types B2 and B3 parathyroid glands and
superior types A1 and B1 parathyroid glands in situ except for
PTC invasion or accidental resection; autotransplantation of
types A2 and A3 parathyroid glands; and autotransplantation of
inferior types A1 and B1 parathyroid glands (Table 1).

2.4. Surgical procedures

All surgeries were conducted by a same thyroid surgeon (Su A).
Surgical procedures were as followed: a curved incisionwasmade
at the 2-finger distance above the suprasternal notch. The
platysmawas separated transversely and the gap between thyroid
gland and cervical anterior muscles was opened, fully exposing
the surgical site. Then carbon nanoparticles suspension (Lai Mei
Pharmaceutical Co, Chongqing, China) was slowly injected into
the upper, middle, and lower poles (� 0.1mL per point) of
thyroid gland to facilitate bilateral central lymph node dissection



[11]

Figure 2. Intraoperative figures description of types of parathyroid gland. (A) Type A1 parathyroid gland locates next to thyroid gland and outside of thyroid capsule
(white arrow). (B) Type A2 parathyroid gland is partially or totally embedded in thyroid gland and locates outside of thyroid capsule (white arrow). (C) Type A3
parathyroid gland locates in the resected thyroid gland (white arrow). (D) Type B1 parathyroid gland locates in the central compartment and around thyroid gland,
but had no close relationship with thyroid gland (white arrow indicates type B1 parathyroid gland and blue arrow indicates type A1 parathyroid gland). (E) Type B2
parathyroid gland locates in thymus parenchyma (white arrow indicates type B2 parathyroid gland and blue arrow indicates type B3 parathyroid gland). (F) Type B3
parathyroid gland locates within thyrothymic ligament, which is mainly supplied by the vessels of thymus or mediastinum (white arrow).
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and parathyroid glands identification. Surgical resection was
started 10minutes later. Total thyroidectomy was performed and
the latter was associated with bilateral central lymph node
dissection. Thymus was preserved except for PTC invasion.
Parathyroid glands were classified by a same surgeon and the
classifications were recorded in both groups. In the new group,
when a parathyroid gland was found during surgery, classifica-
tion was determined instantly and then a decision was made on in
situ preservation or autotransplantation based on the strategies
Table 1

The details of the new classification of parathyroid glands.

Type Description Location

A Thyroid-associated
A1 Coplanar (Fig. 2a) Close to thyroid gland (Extracapsular)
A2 Embedded (Fig. 2b) Partially or totally embedded in thyroid gland

(Extracapsular)
A3 Intraglandular (Fig. 2c) In thyroid parenchyma or subcapsular of thyroid g

(Intrathyroidal or subcapsular)
B Central lymph nodes or

thymus-associated
B1 Central lymph nodes-

associated (Fig. 2d)
Surrounded by central lymph nodes (Extracapsular

thymus)
B2 Intraglandular (Fig. 2e) In thymus or intracapsular of thymus (Intrathymus

intracapsular)
B3 Intraligamentous (Fig. 2f) In thyrothymic ligament and supplied by the vesse

thymus or mediastinum (Extracapsular of thymu

+, very easy to preserve a parathyroid gland in situ; +++++, impossible to preserve a parathyroid gla

3

shown in Table 1. In the traditional group, attempt was made
firstly to preserve all parathyroid glands in situ. Selective
autotransplantation was performed as a remedial measure when
a parathyroid glandwas devascularized or resected inadvertently.
If a parathyroid gland could not be preserved in situ, a small part
was sent to intraoperative frozen biopsy and the remaining was
wrapped in gauze which was soaked with normal saline solution.
When the parathyroid gland was confirmed, it was immediately
chopped into 1 mm3 fragments and buried into several pockets in
Strategy

Difficulty of preservation Superior Inferior

+++ Preservation Autotransplantation
++++ Autotransplantation Autotransplantation

land +++++ Autotransplantation Autotransplantation

of +++–++++ Preservation Autotransplantation

or + — Preservation

ls of
s)

++ — Preservation

nd in situ.
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Table 2

The clinical characteristics of the patients in the 2 groups.

Characteristics
New group
(n=249)

Traditional group
(n=288) P value

Age, years 43.4±12.6 41.7±12.1 .110
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the sternocleidomastoid muscle. Intraoperative neuromonitoring
(Medtronic NIM-Response 2.0) was used to identify and protect
recurrent laryngeal nerve.The samegroupofpathologists analyzed
all surgical specimens and the presence of parathyroid glands in
the surgical specimens (accidental resection) was recorded.
Sex, male/female 71/178 77/211 .699
BMI, kg/m2 23.6±3.5 23.3±3.5 .258
Hypertension 23 (9.2) 28 (9.7) .884
Diabetes 7 (2.8) 9 (3.1) 1.000
Thyroiditis 75 (30.1) 83 (28.8) .776
Graves’ disease 12 (4.8) 8 (2.8) .256
Hypothyroidism 6 (2.4) 4 (1.4) .525
Nodular goiter 157 (63.1) 168 (58.3) .288
Preoperative calcium, mmol/L 2.33±0.10 2.33±0.11 .733
Preoperative PTH, pmol/L 5.02±1.04 5.04±1.13 .868
Preoperative vocal cord paralysis 4 (1.6) 3 (1.0) .710

Data are no. (%) of patients. BMI=body mass index, PTH=parathyroid hormone.
2.5. Perioperative management

Perioperative management was standardized. Preoperative evalua-
tion in each patient included serum calcium, parathyroid hormone
(PTH), thyroid function, thyroid ultrasound, and laryngoscopy.
PTH was routinely tested 1 day, 30 days, and 6 months after
surgery. Oral and/or intravenous calcium supplementation was
conducted to the patients with symptomatic hypocalcemia.
Postoperative hypoparathyroidismwas defined as a PTHmeasure-
ment<1.6pmol/L (normal range, 1.6–6.9pmol/L) after surgery. If
serum PTH level did not return to normal at 6 months
postoperatively, hypoparathyroidism was defined as permanent.
If serum PTH level returned to normal within 6 months
postoperatively, hypoparathyroidismwas classified as transient.[12]
2.6. Data collection

All datawere collected retrospectively, includinggeneral character-
istics, preoperative examination, intraoperative factors, pathologic
examination, postoperative examination, and complications.
American Joint Committee on Cancer (AJCC) staging (the seventh
edition) was applied for all PTC patients.[13] The primary
endpoints were the number of parathyroid glands identified and
autotransplanted, the details of each type of parathyroid glands
and the incidence of permanent hypoparathyroidism.
2.7. Statistical analysis

Continuous variables were presented as mean± standard devia-
tion. Statistical analysis was conducted with IBM SPSS Statistics
19.0. Statistical comparison was carried out between the new
group and traditional group by using the x2 test or Student t test.
A multivariate analysis with logistic regression was performed to
identify the perioperative factors, which were considered to affect
permanent hypoparathyroidism. The results of the multivariate
analysis were expressed as odds ratio, 95% confidence interval
(CI) and P value. Statistical significance was set at P<.05.

3. Results

3.1. Patient characteristics

Of the 537 patients included in the study, 249 (46.4%) used the
new method and 288 (53.6%) accepted the traditional method.
Table 2 shows a comparison of baseline characteristics of the
patients in the 2 groups. The age of the patients ranged from 17 to
72 years, with a median age of 41 years. The ratio between male
and female was nearly 1:3 (148:389). No significant differences
were found between the 2 groups in age, sex, body mass index
(BMI), comorbidities (hypertension, diabetes, thyroiditis, Graves’
disease, hypothyroidism, and nodular goiter), preoperative levels
of serum calcium and PTH and vocal cord paralysis.
3.2. Characteristics of tumors and central lymph nodes

The 2 groups were comparable in the largest tumor size,
multifocality, primary tumor location, and AJCC stage. The
mean number of harvested central lymph nodes was 11.5±5.9 in
4

the new group and 10.9±5.3 in the traditional group,
respectively (P= .177). Of these lymph nodes, 3.1±3.9 in the
new group and 3.0±3.7 in the traditional group had metastases
(P= .717). Rate of lymph node metastases for the entire cohort
was 68.7% (369/537). It occurred in 177 (71.1%) and 192
(66.7%) patients in both groups (P= .305). No significant
difference in terms of the largest size of lymph nodes (7.3±4.2 vs
8.3±4.5mm, P= .621) was also found between the 2 groups.
3.3. Parathyroid glands identification, classification,
autotransplantation, and accidental resection

The details of parathyroid glands identification, classification,
autotransplantation and accidental resection in the 2 groups are
presented and compared in Table 3. In the new group, 487 type A
and 359 type B parathyroid glands were identified, with an
average of 3.4±0.8 per patient. In the traditional group, 592 type
A and 416 type B parathyroid glands were identified, with an
average of 3.5±0.7 per patient. No statistically significant
differences aforementioned were observed between the 2 groups
(all P>.05). The most common type of parathyroid glands was
type A1(979/1854, 52.8%), followed by type B1(613/1854,
33.1%), B3 (89/1854, 4.8%), A2(83/1854, 4.5%), B2 (73/1854,
3.9%), and A3(17/1854, 0.9%). Two type A3 parathyroid
glands were found in 1 patient. There was also no significant
difference in each type of parathyroid glands between the 2
groups (all P>.05). The most common types of superior and
inferior parathyroid glands were type A1(739/962, 76.8%) and
type B1(432/892, 48.4%), respectively. Types B2 and B3
parathyroid glands were only found in the inferior ones. A
significant difference in terms of the mean number of parathyroid
glands for autotransplantation was observed between the new
and traditional groups (1.5±0.8 vs 1.1±0.7, P= .000). The rate
of parathyroid glands autotransplantation was significantly
higher in the new group compared with the traditional group
(377/846, 44.6% vs 317/1008, 31.4%, P= .028). The preserva-
tion rates of types A1, A2, A3, B1, B2, and B3 PGs were 73.2%
(323/441), 0% (0/39), 0% (0/7), 29.9% (88/294), 93.5% (29/
31), and 85.3% (29/34) in the new group, while they were 78.1%
(420/538), 59.1% (26/44), 0% (0/10), 48.0% (153/319), 97.6%
(41/42), and 92.7% (51/55) in the traditional group. More types
A1 and B1 inferior parathyroid glands were autotransplanted in
the new group (P= .000 and .000, respectively). The autotrans-
plantation rates of type A2 superior and inferior parathyroid



Table 3

Parathyroid glands identification, classification, autotransplantation and accidental resection in the 2 groups.

Outcomes New group (n=249) Traditional group (n=288) P value

Parathyroid glands identification 3.4±0.8 3.5±0.7 .784
Parathyroid glands identification with type A/B 487/359 592/416 .636
Superior parathyroid glands with type A/B 345/92 436/89 .116
A1 328 411 .250
A2 15 23 .508
A3 2 2 1.000
B1 92 89 .116

Inferior parathyroid glands with type A/B 142/267 156/327 .476
A1 113 127 .705
A2 24 21 .357
A3 5 8 .781
B1 202 230 .638
B2 31 42 .624
B3 34 55 .145

Parathyroid glands autotransplantation 1.5±0.8 1.1±0.7 .000
Parathyroid glands autotransplantation with type A/B 164/213 146/171 .000
Superior parathyroid glands with type A/B 22/4 22/7 .782
A1 5 12 .229
A2 15 8 .000
A3 2 2 —

B1 4 7 .366
Inferior parathyroid glands with type A/B 142/209 124/164 .000
A1 113 106 .000
A2 24 10 .000
A3 5 8 —

B1 202 159 .000
B2 2 1 .571
B3 5 4 .294

Accidental resection of parathyroid glands 16 23 .628
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glands were significantly higher in the new group than in the
traditional group (P= .000 and .000, respectively). The 2 groups
had comparable autotransplantation rates for other types of
parathyroid glands. The final pathological examination pre-
sented 16 cases (6.4%) with accidental resection of parathyroid
glands in the new group and 23 (8.0%) in the control group
(P= .628).
Table 4

The postoperative complications and the results of follow-up in the
2 groups.

Outcomes New group
(n=249)

Traditional group
(n=288)

P value

Transient hypoparathyroidism 107 (43.0) 103 (35.8) .093
Transient hoarseness 17 (6.8) 14 (4.9) .358
Bleeding 2 (0.8) 3 (1.0) 1.000
Wound infection 3 (1.2) 5 (1.7) .730
Pneumonia 2 (0.8) 4 (1.4) .691
Permanent hypoparathyroidism 1 (0.4) 13 (4.5) .002
Permanent hoarseness 7 (2.8) 5 (1.7) .560
Calcium, mmol/L 2.22±0.09 2.21±0.12 .047
PTH, pmol/L 3.87±0.93 3.68±1.32 .044

Data are no. (%) of patients. PTH=parathyroid hormone.
3.4. Postoperative complications and results of follow-up

Table 4 summarizes the postoperative complications and the
results of follow-up in the 2 groups. Transient hypoparathyroid-
ism was documented in 107 of the 249 patients (43.0%) in the
new group and 103 of the 288 patients (35.8%) in the traditional
group (P= .093). No significant difference was found between the
2 groups in terms of the occurrence of transient hoarseness,
bleeding, wound infection and pneumonia. All the patients
completed a 6-month follow-up period. The incidence of
permanent hypoparathyroidism for the entire cohort was 2.6%
(14/537). The incidence of permanent hypoparathyroidism in the
new and traditional groups was 0.4% (1/249) and 4.5% (13/288),
respectively (P=0.002). Only 1 parathyroid gland was found
intraoperatively and preserved in situ in the permanent hypo-
parathyroidism patient in the new group. However, 1 parathyroid
gland was found in the surgical specimens by pathologists. Of the
13 patients with permanent hypoparathyroidism in the traditional
group, 3, 8, and 2 had 0, 1, and 2 parathyroid glands
autotransplanted, respectively. Numbers of parathyroid glands
preserved in situ were as followed: 0 in 1 patient, 1 in 5 patients, 2
in 5 patients, and 3 in 2 patients. The level of serum PTH in the
5

patients with permanent hypoparathyroidism was 1.21±0.26
pmol/L. Permanent hoarseness due to vocal cord paralysis
(confirmed by laryngoscopy) occurred in 7 patients (2.8%) in
the new group and 5 (1.7%) in the traditional group (P= .560).
The levels of serum calcium and PTH were significantly higher in
the new group than in the traditional group at 6 months
postoperatively (2.22±0.09 vs 2.21±0.12mmol/L, P= .047 and
3.87±0.93 vs 3.68±1.32pmol/L, P= .044, respectively).
3.5. Risk factors of permanent hypoparathyroidism

Perioperative factors, which might influence the incidence of
permanent hypoparathyroidism, were sought by univariate and
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Table 5

Univariate analysis of risk factors for permanent hypoparathyroidism.

Variables Permanent hypoparathyroidism (n=14) No permanent hypoparathyroidism (n=523) P value

Age (<45/≥45 years) 6/8 299/224 .413
Sex (male/female) 6/8 142/381 .226
BMI (<24/≥24 kg/m2) 6/8 321/202 .175
Hypertension (yes/no) 2/12 49/474 .633
Diabetes (yes/no) 1/13 15/508 .349
Thyroiditis (yes/no) 5/9 153/370 .565
Graves’ disease (yes/no) 0/14 20/503 1.000
Hypothyroidism (yes/no) 0/14 10/513 1.000
Nodular goiter (yes/no) 9/5 316/207 1.000
Preoperative calcium, mmol/L 2.35±0.12 2.33±0.10 .444
Preoperative PTH, pmol/L 4.54±1.13 5.05±1.09 .087
Largest tumor size (�10 mm/>10 mm) 5/9 233/290 .594
Multifocality (yes/no) 6/8 110/413 .090
Primary tumor location (upper/middle/lower/isthmus) 8/2/4/0 136/201/147/39 .015
AJCC stage (I–II/ III–IV) 7/7 354/169 .246
Number of harvested lymph nodes 11.2±4.1 11.2±5.6 .976
Number of metastatic lymph nodes 2.2±2.6 3.1±3.8 .499
Patients with metastatic lymph nodes (yes/no) 10/4 359/164 1.000
Largest size of lymph nodes, mm 9.6±4.9 7.5±4.2 .342
New classification (yes/no) 1/13 248/275 .002
Autotransplantation (yes/no) 10/4 132/391 .000
Accidental resection (yes/no) 7/7 32/491 .000

AJCC=American Joint Committee on Cancer; BMI=body mass index; PTH=parathyroid hormone.
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multivariate analyses. Primary tumor location, autotransplanta-
tion, accidental resection and application of new parathyroid
glands classification had significant effects on the occurrence of
permanent hypoparathyroidism on univariate analysis (Table 5).
Multivariate analysis of the 4 factors demonstrated that primary
tumor location, accidental resection, and application of new
parathyroid glands classification were the independent risk
factors of permanent hypoparathyroidism (Table 6).
4. Discussion

The reported incidence of permanent hypoparathyroidism after
total thyroidectomy with bilateral central lymph node dissection
ranges from 1.5% to 16.2%.[14,15] It was 2.6% for the entire
cohort in the present study. However, it was only 0.4% in the
new classification patients. Preservation of at least 1 parathyroid
gland with intact blood supply or routine autotransplantation of
at least 1 parathyroid gland with good function can effectively
reduce the incidence of permanent hypoparathyroidism.[5,12] It
still occurred in 10 patients with autotransplantation of at least 1
parathyroid gland and 12 with preservation of at least 1
parathyroid gland in the traditional group, which indicated that
parathyroid glands might be dysfunctional before autotrans-
Table 6

Multivariate analysis of risk factors for permanent hypoparathyr-
oidism.

Variables Odds ratio 95% CI P value

Primary tumor location (upper/other sites) 7.321 1.854–28.900 .004
Autotransplantation (yes/no) 0.872 0.219–3.472 .846
Accidental resection (yes/no) 28.023 7.260–108.174 .000
New classification (yes/no) 0.106 0.012–0.902 .040

CI= confidence interval.
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plantation and/or after preservation due to the prolonged
devascularization. Compared to routine autotransplantation,[5]

the new classification can more reasonably guide in situ
preservation or autotransplantation of parathyroid glands,
which may lead to lower incidence of transient hypoparathy-
roidism.[7,8] Significantly higher levels of PTH and calcium were
also found in the patients with new parathyroid glands
classification at 6 months after surgery. These results indicate
that the new classification has potential advantage to preserve the
function of parathyroid glands and decrease the incidence of
permanent hypoparathyroidism.
The intraoperative PTH assay during thyroidectomy in

monitoring of parathyroid function turned out to be of added-
value for the surgical decision making with respect to the
selective parathyroid autotransplantation.[16] However, it is not
widely used in China due to the lack of relevant technology and
equipment. Although a knife test or biopsy to confirm
devascularization by observation of capsular bleeding is
advocated, it may cause iatrogenic injury to the precarious
blood supply of parathyroid glands.[2,3] The most important
characteristic of the new classification is that parathyroid
glands are classified based on their position instead of blood
supply.[17] It reduces the assessment of the viability of
parathyroid glands and makes the surgeries easier. Both the
position and the type of parathyroid glands in the new
classification are not altered with the change of surgeons. It
objectively reflects the relationship among parathyroid glands,
thyroid gland, and thymus. Therefore, it can be easily applied
by thyroid surgeons.
In the present study, the most common types of parathyroid

glands were type A1 (52.8%) and type B1 (33.1%). The most
common types of superior and inferior parathyroid glands were
type A1 (76.8%) and type B1 (48.4%), respectively. Due to
relatively fixed position and blood supply, 97.9% of superior
ones were preserved in situ regardless of types A1 or B1.
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Therefore, we strongly recommend preservation of superior
parathyroid glands with types A1 and B1 during total
thyroidectomy with bilateral central lymph node dissection.
However, inferior ones with types A1 and B1 are always difficult
to preserve in situ because their blood supply is easily damaged.
Type A2 parathyroid glands accounted for 4.5% of all glands in
the study. It is more difficult to preserve them in situ because of
the complicated blood supply. In addition, mechanical or thermal
trauma was not avoided during the separation of types A1 and
A2 parathyroid glands from thyroid gland. Parathyroid
deficiency is closely related with dysfunction or necrosis of the
devascularized parathyroid glands preserved in situ. Although
lower incidence of transient hypoparathyroidism was noted in
the traditional group, preservation of more types A1, A2, and B1
parathyroid glands did not reduce the incidence of permanent
hypoparathyroidism. Furthermore, autotransplantation of infe-
rior parathyroid glands may decrease central lymph node
recurrence in PTC patients.[18] Therefore, direct autotransplation
of type A2 parathyroid glands and inferior types A1 and B1 ones
can be an applicable first-line intervention. Type A3 parathyroid
glands, accounting for 0.9% of all glands, play a key role in the
prevention of permanent hypoparathyroidism as well. Since they
only locate in thyroid gland and cannot be preserved in situ,
careful examination of thyroid specimen intraoperatively
decreases the incidence of accidental resection of type A3
parathyroid glands.[19] Some inferior parathyroid glands have a
certain relationship with thymus because of similar embryonic
development. Types B2 and B3 ones accounted for 3.9% and
4.8% of all glands, respectively. They are easily preserved in situ
due to the gap between thymus and central lymph nodes. Thymus
should be routinely preserved except for PTC invasion.
Therefore, the new classification objectively reflects the difficulty
to preserve parathyroid glands in situ. Combination preservation
with autotransplantation of parathyroid glands is an effective
strategy for minimizing the incidence of permanent hypopara-
thyroidism during thyroid surgery.[7,9] Under the guidance of the
new classification, in situ preservation or autotransplantation can
be reasonably determined to further preserve parathyroid
function.
In the present study, primary tumor location, application of the

new classification and accidental resection were the independent
risk factors of permanent hypoparathyroidism. PTC in the upper
pole of thyroid gland was first identified as a risk factor of
permanent hypoparathyroidism. It can probably be explained by
the facts that more direct invasion and less preservation of
superior parathyroid glands are found when a primary tumor
locates in the upper pole of thyroid gland. The incidence of
accidental resection of parathyroid glands in the current study
was 7.3%, which is in accord with recent reports (5%–

29%).[12,20] The careful inspection of all surgical specimen
(thyroid gland and fat lymphoid tissue) intraoperatively allows
autotransplantation of inadvertently removed parathyroid
glands during total thyroidectomy with central lymph node
dissection. Multivariate analysis further confirmed the effective-
ness of the new classification of parathyroid glands on the
prevention of permanent hypoparathyroidism.
The present study has limitations in that it is retrospective and

without randomization of application of the new classification.
Surgeon’s experience which is one of the most important factors
in the prevention of permanent hypoparathyroidism may change
during the 2 periods. In addition, the follow-up period was only 6
months. A prospective randomized trial with long-term follow-
up period is needed to definitely confirm the effect of the new
7

parathyroid glands classification on permanent hypoparathy-
roidism.
5. Conclusions

In conclusion, the new classification of parathyroid glands
potentially reflects the difficulty of preservation and helps to
make a reasonable decision on preservation or autotransplanta-
tion of a parathyroid gland, which may minimize the incidence of
permanent hypoparathyroidism.
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