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Prophylactic central neck
dissection for cN0 papillary
thyroid carcinoma: is there
any difference between
western countries and China?
A systematic review
and meta-analysis

Jiaxin Yang1†, Yuling Han1†, Yu Min2, Cheng Chen1, Jialin Chen1,
Ke Xiang1, Jiahu Liao1, Yang Feng1, Daixing Hu1

and Guobing Yin1*

1Department of Breast and Thyroid Surgery, The Second Affiliated Hospital of Chongqing Medical
University, Chongqing, China, 2Department of Biotherapy and National Clinical Research Center for
Geriatrics, Cancer Center, West China Hospital, Sichuan University, Chengdu, China
Background: Recommendations for the performance of prophylactic central

neck dissection (pCND) in patients with clinically node-uninvolved (cN0)

papillary thyroid carcinoma (PTC) are not the same. This meta-analysis set out

to compare the effectiveness of pCND with total thyroidectomy (TT) in different

countries and regions, mainly between western countries and China.

Methods: The electronic databases PubMed, EMBASE, and Cochrane Library

were searched for studies published until August 2022. The incidence rate of

cervical lymph node metastases (LNMs), locoregional recurrences (LRRs), and

postoperative complications were pooled by a random-effects model. Subgroup

analyses based on different countries and regions were performed.

Results: Eighteen studies involving 5,346 patients were analyzed. In the

subgroup of western countries, patients undergoing pCND with TT had a

significantly lower LRR rate [69/1,804, 3.82% vs. 139/2,541, 5.47%; odds ratio

(OR) = 0.56; 95% CI 0.37–0.85] and a higher rate of temporary

hypoparathyroidism (HPT) (316/1,279, 24.71% vs. 194/1,467, 13.22%; OR = 2.23;

95% CI 1.61–3.08) than that of the TT alone group, while no statistically

significant difference was found in the rate of permanent HPT and temporary

and permanent recurrent laryngeal nerve (RLN) injury. In the Chinese subgroup,

the pCND with TT group had a significantly higher incidence rate of both

temporary HPT (87/374, 23.26% vs. 36/324, 11.11%; OR = 2.24; 95% CI 1.32–

3.81) and permanent HPT (21/374, 5.61% vs. 4/324, 1.23%; OR = 3.58; 95% CI =

1.24–10.37) than that of the TT alone group, while no significant difference was

detected in the rate of LRR and temporary and permanent RLN injury.
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Conclusion: Compared with the TT alone for cN0 PTC patients, pCND with TT

had a significantly lower LRR rate while having a higher temporary HPT rate in

Europe, America, and Australia; however, it showed no significant difference in

decreasing LRR rate while having a significantly raised rate of temporary and

permanent HPT in China. More population-based results are required to

advocate precision medicine in PTC.

Systematic review registration: https://www.crd.york.ac.uk/PROSPERO/,

identifier CRD42022358546.
KEYWORDS

papillary thyroid carcinoma (PTC), prophylactic central neck dissection (pCND), cN0,
meta-analysis, effectiveness
Introduction

Thyroid carcinoma (TC), the most common endocrine

malignancy, has been diagnosed worldwide with increasing

frequency in the last decades, especially among women (1–3).

Most TCs are diagnosed when they are in a small volume or a

diameter less than 1 cm by wild utilization of ultrasound and

technical advances (4). The standard treatment regimens of TC

include thyroid operation, adjuvant radioiodine (RAI) treatment,

and thyroid-stimulating hormone (TSH) inhibition therapy (5). As

the most common type of differentiated thyroid carcinoma (DTC),

papillary thyroid carcinoma (PTC) exhibits an average incidence of

60% of cervical lymph node metastases (LNMs), which most

commonly occur in the central neck compartment and are

proven to be independent risk factors for locoregional recurrence

(LRR) (6–9). Thereinto, up to 80% of metastases present with

microscopic lymph node (7), resulting in a high LRR rate and

affecting postoperative quality of life in up to 30% of patients with

clinical node-negative (cN0) PTC (10, 11).

There is no controversy about the operation of therapeutic central

neck dissection (CND) when clinical LNMs exist in the central neck

compartment (12), while prophylactic CND (pCND) in cN0 PTC still

remains controversial (13, 14). Recommendations of guidelines in

different countries and regions are not the same. The 2015 American

Thyroid Association (ATA) Guidelines stated that pCND (ipsilateral or

bilateral) should be considered in patients with cN0 PTC who have

advanced primary tumors (T3 or T4), clinically involved lateral neck

nodes (cN1b), or if the information will be used to plan further steps in

therapy (15). The 2019 European Society for Medical Oncology

(ESMO) Clinical Practice Guidelines recommended pCND with total

thyroidectomy (TT) to cT1-2N0 (Tumor less than 4 cm in greatest

dimension, limited to the thyroid, and node-negative in clinical) DTC

with childhood radiation exposure, family history, aggressive

cytological features, multifocality and suspected extrathyroidal

extension, and to more invasive tumors (T3 or T4) (16). The latest

version of the NCCNClinical Practice Guidelines in Oncology (NCCN

Guidelines, Thyroid Carcinoma) did not recommend pCND if the

cervical lymph nodes are negative in clinical (17). The 2016 Chinese
02
guidelines suggested that primary tumor surgery with pCND is

recommended with risk assessment before and during the operation,

such as age, tumor diameter, and thyroid capsule invasion (18).

We suspect if there exists any biological difference of PTC among

different ethnic groups in different countries and regions, manifesting

as dissimilarities in terms of LNM, recurrences, postoperative

complications, and survival rate, further influencing the formulation

and revisal of guidelines. Therefore, this current meta-analysis was

performed to compare the efficacy of pCND with TT for cN0 PTC in

different countries and regions, mainly between western countries and

China.We also compare the incidence rate of LRR, recurrent laryngeal

nerve (RLN) injury, and hypoparathyroidism (HPT) between the

pCNDwith TT group and the TT alone group in two different regions.

Methods

Protocol and guidance

This systematic review and meta-analysis followed the outline

suggested by Preferred Reporting Items for Systematic Reviews and

Meta-Analysis (PRISMA) (19). The registration number was

CRD42022358546 on PROSPERO. Two authors independently

searched the literature, extracted the data, and evaluated the study

quality. In the process, controversial issues or conflicts were

discussed, and disagreements would be solved by a third author.
Search strategy

The PubMed, EMBASE, and Cochrane Library electronic

databases were searched for relevant literature from inception to

August 2022. The Medical Subject Headings terms were as follows:

1) Thyroid Cancer, Papillary OR Papillary Thyroid Carcinoma, 2)

Neck Dissection OR prophylactic central neck dissection. Two

terms were combined by “and.” The references of previous

studies and identified trials were manually backtracked to

broaden the search for related literature.
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Inclusion and exclusion criteria

The inclusion criteria were as follows: 1) study population

should be PTC patients without LNM according to preoperative

imaging and intraoperative inspection; 2) studies contained pCND

with TT and TT alone groups; and 3) the incidence of central LNM,

LRR, or complications could be available or calculated. Studies were

restricted to those published in English.

Studies were excluded because of at least one of the following: 1)

patients with clinically involved lymph nodes; 2) patients

undergoing thyroidectomy previously; 3) patients undergoing

other thyroid surgery besides pCND and TT; 4) publication

region was not in China, Europe, America, or Australia; or 5) the

full text was not available online.
Quality assessment

For retrospective and prospective studies, the Newcastle-Ottawa

Scale (NOS) (20) was adopted to evaluate the quality, which was

based on three aspects, including selection, comparability, and

exposure outcome condition. A score of 7–9 was described as

high quality. Likewise, the quality of randomized controlled trials

(RCTs) was estimated by the Jadad scoring system (21), which

consisted of three parts, including randomization, blinding, and the

description of withdrawals and dropouts. A score of 3–5 was

regarded as high quality.
Data extraction

Detailed characteristics of enrolled articles were extracted as

follows: the first author, publication year, publication country, study

design, study period, and follow-up duration. Baseline and

clinicopathological data were acquired as follows: number of

patients who underwent pCND with TT or TT alone, the lost to

follow-up, age, sex, tumor size, extrathyroidal extension,

multifocality, number of T3/4 patients, incidence of central LNM,

and number of patients performing postoperative RAI treatment.

The number of patients having LRR or postoperative complications

(temporary and permanent RLN injury, temporary and permanent

HPT) was obtained as the outcome data.
Statistical analysis

Heterogeneity was assessed by I2 statistics and Cochran’s Q-

statistic test with a p value. I2 > 50% and p < 0.1 would be deemed as

significantly heterogeneous. Publication bias was assessed by Begg’s

and Egger’s tests, and p < 0.1 was defined as a statistically significant

publication bias.

Odds ratio (OR) and its associated 95% confidence intervals

(CIs) were adopted to appraise dichotomous outcomes, and p < 0.05
Frontiers in Endocrinology 03
was regarded as statistically significant. Combined with the result of

heterogeneity analysis and study type, the Mantel–Haenszel

random-effects model was exerted in this meta-analysis.

Additionally, subgroup analyses were performed to estimate if

there were differences in LRR and complications caused by the

difference of ethnic groups and regions.

STATA software, version 14.0 (StataCorp LP, College Station,

TX, USA) was exploited to statistical analyses.
Results

Study selection

A total of 2,909 studies were identified from three databases,

among which 1,023 were from PubMed, 1,816 were from EMBASE,

and 72 were from Cochrane Library databases. Eighteen studies

were ultimately included, of which 14 were from western countries

and four were from China (Figure 1).
Study characteristics

All of the 18 included studies were published between 2010 and

2020, and there were 15 retrospective cohort studies (9, 12, 22–34),

two RCTs (35, 36), and only one prospective cohort study (37). All

studies were published in English language, and nine studies were

performed in Europe, four in North America, four in China, and

one multicenter study in Australia, America, and England.

A total of 5,346 patients with cN0 PTC underwent TT, of whom

2,341 were in the pCND with TT group and 3,005 in the TT alone

group. Three studies (12, 23, 37) contained subgroups of unilateral

pCND and bilateral pCND. The pCND with TT group in three

studies (9, 22, 33) was mixed with unilateral and bilateral dissection.

Nine studies (24–26, 28–32, 36) defined bilateral pCND as the

lymph node dissection range. Three studies (27, 34, 35) defined the

pCND with TT group as receiving only ipsilateral pCND. Two

studies (12, 24) defined HPT and nerve palsy as permanent if they

could not recover in 12 months after initial surgery, while other

studies defined HPT and nerve palsy as permanent if they could not

recover in 6 months after initial surgery.

Women accounted for most of the included patients. The mean

tumor size ranged from 5.0 to 27.0 mm. The mean age at diagnosis

was between 40.0 and 57.0 years old. The proportion of T3/4 PTC

was not more than half. The proportion of PTC with multifocality

and extrathyroidal invasion varied slightly because of the diverse

inclusion criteria across studies (Table 1).

Almost all of the studies provided good follow-up on patients, while

two (31, 36) of those reported one and five patients lost to follow-up,

respectively. The incidence of central LNM in the pCNDwith TT group of

each article was counted. More patients in the pCND with TT group

received postoperative RAI treatment compared with the TT alone group.

Meanwhile, the postoperative RAI treatment showed obvious differences.
frontiersin.org

https://doi.org/10.3389/fendo.2023.1176512
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Yang et al. 10.3389/fendo.2023.1176512
Infive studies (23, 29, 33, 35, 36), all patients were prescribedRAI adjuvant,

while it was prescribed for patients with risk factors in the rest of the

studies. The comparison of LRRs and postoperative complications between

the two therapy groups was shown clearly in Table 2.
Study quality

The quality of the 16 retrospective and prospective studies was

proven to be high with a score of 7 or 8. Two RCTs received scores

of 4, which demonstrated a relatively high quality (Table 1).
Incidence of central LNM

Overall, the pooled central LNM rate of patients undergoing

pCND with TT in 14 studies from western countries was 39% (95%

CI 34%–44%). While the pooled central LNM rate of the pCND

with TT group in four Chinese studies was 52% (95% CI 40%–63%).

These subgroup analyses had no significant heterogeneity, with an

I2 < 50% and p > 0.1 (Figure 2).
Frontiers in Endocrinology 04
Outcome of LRR

The LRRs were reported in 13 western-country studies and

three Chinese studies. Acceptable criteria for recording recurrences

by doctors were defined as positive blood test results with raised

thyroglobulin (Tg), antithyroglobulin antibody (TgAb), or thyroid-

stimulating hormone (TSH) concentration (22–26, 28, 29, 33–37);

positive imaging findings on cervical ultrasound, computed

tomography scan, or whole-body imaging (9, 22–28, 32, 33, 35–

37); macroscopic disease at clinical examination (25, 27); and

pathological evidence on excision or cytology (9, 12, 24, 26, 28,

33–35).

According to the subgroup of western countries, the pooled

prevalence of LRR was significantly lower in the pCND with TT

group than that in the TT alone group (69/1,804, 3.82% vs. 139/

2,541, 5.47%; OR = 0.56; 95% CI 0.37–0.85). In the subgroup

analysis of Chinese studies, the pooled prevalence of LRR was

obviously lower in the pCND with TT group (8/321, 2.49% vs. 14/

273, 5.13%); however, the difference was not statistically significant

(OR = 0.51; 95% CI 0.19–1.38). There was no significant

heterogeneity in the two subgroup analyses, and the publication
FIGURE 1

Flowchart of studies included with reasons.
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TABLE 1 Characteristics of the included studies.

Tumor size
(mean,
mm)

T3/4, n
(%)

Multifocali-
ty, n(%)

Extrathyroidal
extension, n(%)

19.0† NA 26 (33.3) 32 (41.0)

20.0† NA 22 (33.8) 11 (17.0)

14.2 NA 25 (55.6) 11 (24.4)

20.4 NA 23 (36.9) 13 (36.1)

22.7 80 (30.9) 125 (48.3) 72 (27.8)

22.3 96 (27.7) 148 (42.7) 84(24.2)

15.0† 35 (42.7) 30 (36.6) 22 (26.8)

10.0† 18 (17.5) 28 (27.2) 15 (14.6)

16.1 32 (25.8) 64 (51.6) NA

15.3 15 (24.2) 29 (46.8) NA

NA 47 (13.1) 135 (37.7) NA

NA 36 (12.8) 99 (35.1) NA

NA 37 (23.8) 78 (50.3) 31 (20.0)

NA 18 (19.8) 39 (42.8) 14 (15.4)

17.2 NA 20 (30.8) 27 (41.5)

16.1 NA 60 (27.3) 46 (20.9)

NA 11 (18.6) NA NA

NA 3 (5.9) NA NA

7.0 NA NA 4 (3.0)

5.0 NA NA 2 (1.9)

16.0 44 (47.3) 39 (41.9) 44 (47.3)

16.0 44 (50.0) 44 (50.0) 42 (47.7)

(Continued)
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Study Country Design NOS
score

Study
period

Sample
Capacity

Follow up (mean,
month)

Age (mean,
year)

Sex
(M/F)

Hughes et al.,
2010 (25)

America Retro 8
2002
-2009

TT+pCND:78 19.1† 46.8† 17/61

TT:65 27.5† 41.2† 16/49

Moo et al., 2010
(28)

America Retro 8
1999.07-
2009.03

TT+pCND:45 37.2 45.7 10/35

TT:36 37.2 49.2 4/32

Popadich et al.,
2011 (38)

Australia England
America

Retro 8
1995.01-
2009.12

TT
+pCND:259

32.0 44.0 52/205

TT:347 50.0 48.0 81/266

Lang et al., 2012
(27)

China Retro 8
2004
-2010

TT+pCND:82 25.5† 52.0† 18/64

TT:103 27.1† 50.0† 22/81

Raffaelli et al.,
2012 (37)

Italy Pro 8
2008.03-
2010.10

TT
+pCND:124

25.0 42.7 24/100

TT:62 25.5 43.2 13/49

Barczyński et al.,
2013 (24)

Poland Retro 7
1993
-2002

TT
+pCND:358

126.4 52.7 75/283

TT:282 128.8 52.7 60/222

Hartl et al., 2013
(29)

France Retro 8
1995
-2010

TT
+pCND:155

82.8 46.0 39/116

TT:91 74.4 47.0 14/77

Calò et al., 2014
(34)

Italy Retro 8
2002.09-
2010.10

TT+pCND:65 100.0 46.36 12/53

TT:220 100.0 53.07 48/172

Kwan et al., 2015
(31)

China Retro 8
1995
-2011

TT+pCND:54 59.0† 51.0 16/38

TT:51 48.0† 50.0 7/44

Zhang et al., 2015
(9)

China Retro 8
2008.01-
2009.12

TT
+pCND:134

61.0 48.0 26/108

TT:108 66.0 45.0 27/81

Viola et al., 2015
(36)

Italy RCT 4*
2008.01-
2010.04

TT+pCND:93 60.0 45.7 25/68

TT:88 60.0 43.5 21/67
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TABLE 1 Continued

llow up (mean,
month)

Age (mean,
year)

Sex
(M/F)

Tumor size
(mean,
mm)

T3/4, n
(%)

Multifocali-
ty, n(%)

Extrathyroidal
extension, n(%)

94.8 40.0 10/24 27.0 NA NA NA

94.8 46.4 121/709 19.0 NA NA NA

30.9† NA 27/78 9.7† 30 (28.6) 54 (51.4) 33 (31.4)

27.6† NA 12/50 11.7† 13 (21.0) 38 (61.3) 13 (21.0)

71.9 42.02 15/70 15.1 NA 39 (45.9) 39(45.9)

56.3 47.8 40/133 17.8 NA 60 (34.7) 44(25.4)

37.0 53.0 12/62 13.0 28 (37.8) NA NA

76.0 57.0 29/83 11.0 25 (22.3) NA NA

113.0
49‡

135/
475‡

NA NA NA NA

113.0 NA NA NA NA

30.1 42.3 18/144 12.1 NA 69 (42.6) 25 (15.4)

30.7 49.6 20/120 13.2 NA 65 (46.4) 23 (16.4)

12.0 50.1 7/22 19.1 4 (13.7) 14 (48.3) 8 (27.6)

12.0 46.1 7/23 24.5 7 (23.3) 13 (43.3) 5 (16.7)

k dissection; TT, total thyroidectomy; NA, not available. *evaluated by the Jadad scoring system. ‡characteristic of total enrolled patients. †median.
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Study Country Design NOS
score

Study
period

Sample
Capacity

Fo

Said et al., 2016
(26)

America Retro 8
1996.01-
2008.10

TT+pCND:34

TT:830

Lin et al., 2017
(32)

China Retro 8
2014.01-
2015.08

TT
+pCND:105

TT:62

Calò et al., 2017
(12)

Italy Retro 8
2008.01-
2012.12

TT+pCND:85

TT:173

Dobrinja et al.,
2017 (22)

Italy Retro 8
2000.01-
2015.12

TT+pCND:74

TT:112

Giordano et al.,
2017 (23)

Italy Retro 7
1984.01-
2008.12

TT
+pCND:405

TT:205

Korkmaz et al.,
2017 (30)

Turkey Retro 7
2008.03-
2015.07

TT
+pCND:162

TT:140

Sippel et al., 2020
(35)

America RCT 4*
2014.06-
2015.06

TT+pCND:29

TT:30

Retro, retrospective study; Pro, prospective study; RCT, randomized controlled trial; pCND, prophylactic central nec
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TABLE 2 Comparison of outcomes between the TT+pCND group and the TT alone group.

y RLN
(%)

Permanent RLN
injury, n(%)

Temporary
HPT, n(%)

Permanent
HPT, n(%)

0 21 (26.9) 2 (2.6)

2 (3.1) 5 (7.7) 0

) 0 14 (31.1) 0

0 1 (2.8) 1 (2.8)

) 1 (0.4) 25 (9.7) 2 (0.8)

) 6 (1.7) 14 (4.1) 2 (0.6)

) 1 (0.6) 15 (18.3) 2 (2.4)

) 1 (0.5) 9 (8.7) 1 (1.0)

) 1 (0.8) 53 (42.7) 1 (0.8)

0 11 (17.7) 0

) 9 (2.5) 109 (30.4) 8 (2.2)

) 6 (2.1) 37 (13.1) 2 (0.7)

2 (1.3) NA 4 (2.6)

2 (2.2) NA 6 (6.6)

) NA 25 (38.5) 7 (10.8)

) NA 55 (25.0) 10 (4.5)

) 0 11 (20.8) 2 (3.8)

) 1 (2.0) 9 (17.6) 1 (2.0)

) 1 (0.7) 40 (29.9) 2 (1.5)

) 1 (0.9) 10 (9.3) 0

(Continued)
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Study Sample
Capacity

Lost to
follow-up

Incidence of central
LNM, n (%)

Radioactive iodine
treatment, n (%)

Locoregional
recurrence, n(%)

Tempora
injury,

Hughes et al.,
2010 (25)

TT
+pCND:78

0 48 (61.5) 72 (92.3) 4 (5.1) NA

TT:65 0 56 (86.1) 3 (4.6) NA

Moo et al., 2010
(28)

TT
+pCND:45

0 15 (33.3) 31 (68.9) 2 (4.4) 2 (4.

TT:36 0 26 (72.2) 6 (16.7) 0

Popadich et al.,
2011 (38)

TT
+pCND:259

0 127 (49.0) 259 (100) 13 (5.0) 1 (0.

TT:347 0 347 (100) 29 (8.4) 8 (2.

Lang et al., 2012
(27)

TT
+pCND:82

0 45 (54.9) 62 (75.6) 3 (3.7) 3 (1.

TT:103 0 63 (68.0) 3 (2.9) 0 (0.

Raffaelli et al.,
2012 (37)

TT
+pCND:124

0 44 (35.5) 90 (72.6) 1 (0.8) 1 (0.

TT:62 0 37 (59.7) 0 0

Barczyński et al.,
2013 (24)

TT
+pCND:358

0 108 (30.2) 231 (64.5) 15 (4.2) 26 (7

TT:282 0 79 (28.0) 37 (13.1) 18 (6

Hartl et al., 2013
(29)

TT
+pCND:155

0 80 (51.6) 155 (100) 3 (1.9) NA

TT:91 0 91 (100) 12 (13.2) NA

Calò et al., 2014
(34)

TT
+pCND:65

0 20 (30.1) 65 (100) 2 (3.1) 2 (3.

TT:220 0 194 (88.2) 5 (2.3) 3 (1.

Kwan et al.,
2015 (31)

TT
+pCND:54

1 36 (67.9) NA NA 2 (3.

TT:51 0 NA NA 5 (9.

Zhang et al.,
2015 (9)

TT
+pCND:134

0 51 (38.1) NA 3 (2.2) 2 (1.

TT:108 0 NA 9 (8.3) 1 (0.
r
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TABLE 2 Continued

egional
ce, n(%)

Temporary RLN
injury, n(%)

Permanent RLN
injury, n(%)

Temporary
HPT, n(%)

Permanent
HPT, n(%)

(3.2) NA 4 (4.3) NA 18 (19.4)

(3.4) NA 7 (8.0) NA 7 (8.0)

(2.9) NA NA NA NA

(2.8) NA NA NA NA

(2.3) NA 4 (3.8) 21 (20.0) 15 (14.2)

(4.3) NA 0 8 (12.9) 2 (3.2)

(1.2) 1 (1.2) 0 29 (34.1) 2 (2.4)

(2.3) 2 (1.2) 0 35 (20.2) 2 (1.2)

(5.4) 7 (9.5) 3 (4.0) 11 (14.9) 6 (8.1)

(3.6) 3 (2.7) 1 (0.9) 9 (8.0) 1 (0.9)

(4.9) NA 3 (1.5) NA 36 (22.7)

(5.9) NA 1 (0.49) NA 9 (4.59)

A NA 2 (1.2) 22 (13.6) 6 (3.7)

A NA 0 17 (12.1) 5 (3.6)

0 3 (10.3) NA 7 (24.1) NA

(3.3) 4 (13.3) NA 10 (33.3) NA

parathyroidism; NA, not available.
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Study Sample
Capacity

Lost to
follow-up

Incidence of central
LNM, n (%)

Radioactive iodine
treatment, n (%)

Locor
recurre

Viola et al., 2015
(36)

TT
+pCND:93

5 43 (46.2) 93 (100) 3

TT:88 0 88 (100) 3

Said et al., 2016
(26)

TT
+pCND:34

0 13 (38.2) 4 (11.8) 1

TT:830 0 52 (6.3) 23

Lin et al., 2017
(32)

TT
+pCND:105

0 59 (56.2) 87 (82.9) 2

TT:62 0 46 (74.2) 2

Calò et al., 2017
(12)

TT
+pCND:85

0 35 (41.2) 64 (75.3) 1

TT:173 0 105 (60.7) 4

Dobrinja et al.,
2017 (22)

TT
+pCND:74

0 32 (43.2) 43 (58.1) 4

TT:112 0 55 (49.1) 4

Giordano et al.,
2017 (23)

TT
+pCND:405

0 135 (33.3) 405 (100) 20

TT:205 0 205 (100) 12

Korkmaz et al.,
2017 (30)

TT
+pCND:162

0 45 (27.8) 139 (85.8)

TT:140 0 104 (74.3)

Sippel et al.,
2020 (35)

TT
+pCND:29

0 9 (31.0) 29 (100)

TT:30 0 30 (100) 1

TT, total thyroidectomy; pCND, prophylactic central neck dissection; LNM, lymph node metastasis; RLN, recurrent laryngeal nerve; HPT, hyp
n

N

N

o
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bias confirmed by the Begg’s and Egger’s tests was not significant

(Begg’s: p = 0.762, Egger’s: p = 0.329) (Figure 3).
Temporary RLN injury

Eight western-country studies and three Chinese studies

assessed temporary RLN injury. The pCND with TT group did

not show a significantly higher risk of temporary RLN injury than

the TT alone group both in the subgroup of western-country

research (43/1,039, 4.14% vs. 38/1,262, 3.01%; OR = 1.26; 95% CI

0.72–2.21) and in the subgroup of Chinese research (7/269, 2.60%

vs. 6/262, 2.29%; OR = 1.28; 95% CI 0.21–7.87). No statistically

significant heterogeneity was observed in subgroup analyses. The

Egger’s and Begg’s publication bias tests showed that the bias

statistic was not significant (Begg’s: p = 0.547, Egger’s: p =

0.735) (Figure 4).
Permanent RLN injury

Permanent RLN injury was investigated in 11 western-country

articles and four Chinese articles. Like the results of temporary RLN

injury, no significant difference was observed in the pooled incidence

rate of permanent RLN injury between the pCND with TT and TT

alone groups, according to the subgroup of western countries (25/

1,838, 1.36% vs. 25/1,601, 1.56%; OR = 0.88; 95% CI 0.48–1.62) and

the Chinese subgroup (6/374, 1.60% vs. 3/324, 0.93%; OR = 1.21; 95%
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CI 0.28–5.19). There was no evidence of heterogeneity in these

analyses. No publication bias was detected by the Begg’s and

Egger’s tests (Begg’s: p = 0.842, Egger’s: p = 0.897) (Figure 5).
Temporary HPT

Ten western-country studies and four Chinese studies

examined temporary HPT. For the pooled incidence rate of

temporary HPT, the pCND with TT group demonstrated a

significantly higher risk than the TT alone group, not only in the

western country subgroup (316/1,279, 24.71% vs. 194/1,467,

13.22%; OR = 2.23; 95% CI 1.61–3.08) but also in the Chinese

subgroup (87/374, 23.26% vs. 36/324, 11.11%; OR = 2.24; 95% CI

1.32-3.81). We encountered mild heterogeneity in the studies of

western countries, with an I2 = 47.3% and p = 0.048; however, we

found no significant heterogeneity in subgroup analyses of Chinese

studies and no indication of publication bias among this body of

articles (Begg’s test: p = 0.931, Egger’s test: p = 0.927) (Figure 6).
Permanent HPT

Twelve western-country studies and four Chinese studies

evaluated permanent HPT. Similarly, the risk of permanent HPT

was higher in the pCND with TT group than that in the TT alone

group in the subgroup of western countries and China (62/1,903,

3.26% vs. 45/1,821, 2.47%; 21/374, 5.61% vs. 4/324, 1.23%). The
A

B

FIGURE 2

Forest plots for cervical lymph node metastases in the pCND with TT group. (A) Outcome of studies in western countries. (B) Outcome of studies in China.
ES, effect size; CI, confidence interval; pCND, prophylactic central neck dissection; TT, total thyroidectomy.
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difference between two groups failed to be statistically significant in

the western country subgroup (OR = 1.42; 95% CI = 0.76–2.66),

which had a slight heterogeneity, with I2 = 47.7% and p = 0.033.

However, the difference was counted to be statistically significant in
Frontiers in Endocrinology 10
the Chinese subgroup (OR = 3.58; 95% CI = 1.24–10.37) with no

statistically significant heterogeneity. Overall, no evidence of

publication bias was found by the Begg’s (p = 0.687) and Egger’s

tests (p = 0.412) (Figure 7).
A

B

FIGURE 3

Forest plot for locoregional recurrences between the pCND with TT group and the TT alone group. (A) Subgroup analysis for studies in western
countries. (B) Subgroup analysis for studies in China. OR, odds ratio; CI, confidence interval; pCND, prophylactic central neck dissection; TT, total
thyroidectomy.
A

B

FIGURE 4

Forest plot for temporary recurrent laryngeal nerve injury between the pCND with TT group and the TT alone group. (A) Subgroup analysis for
studies in western countries. (B) Subgroup analysis for studies in China. OR, odds ratio; CI, confidence interval; pCND, prophylactic central neck
dissection; TT, total thyroidectomy.
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A

B

FIGURE 5

Forest plot for permanent recurrent laryngeal nerve injury between the pCND with TT group and the TT alone group. (A) Subgroup analysis for
studies in western countries. (B) Subgroup analysis for studies in China. OR, odds ratio; CI, confidence interval; pCND, prophylactic central neck
dissection; TT, total thyroidectomy.
A

B

FIGURE 6

Forest plot for temporary hypoparathyroidism between the pCND with TT group and the TT alone group. (A) Subgroup analysis for studies in
western countries. (B) Subgroup analysis for studies in China. OR, odds ratio; CI, confidence interval; pCND, prophylactic central neck dissection; TT,
total thyroidectomy.
Frontiers in Endocrinology frontiersin.org11

https://doi.org/10.3389/fendo.2023.1176512
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Yang et al. 10.3389/fendo.2023.1176512
Discussion

To our knowledge, this meta-analysis to date firstly evaluated the

efficiency of pCND with TT for patients with cN0 PTC in different

countries and regions. The outcome of pCND reducing the risk of

lymph node recurrence for cN0 PTC varies in different studies and

still remains controversial. Both Zhao et al. (38) and Chen et al. (39)

signified that the pCND with TT group had a significantly lower

chance to experience LRR, whose meta-analyses contacted large

samples and involved studies from all of the world, especially from

Europe and America. These results are consistent with our finding in

the subgroup of western countries. Inversely, Sanabria et al. (40)

published a meta-analysis of five RCTs this year and failed to find a

beneficial impact of pCND on locoregional or biochemical

recurrence. The outcome of our analysis in the Chinese subgroup

was similar to that new finding, although the initial surgery plan of

the above study was thyroidectomy rather than TT only.

As we can see, there were just three Chinese articles reporting

the difference of LRR rates between pCND with TT and TT (9, 27,

32) and the sample size was small, so it was hard to obtain a stable

result on the LRR rate. Moreover, in the Chinese subgroup, the

scope of pCND in three studies was defined as unilateral (27),

bilateral (32), and a mixture of unilateral and bilateral (9). Although

Chen et al. (39) deemed that bilateral or ipsilateral pCND seldom

affects the LRR or complication rates, we still believe that the

unstandardized operation scope of pCND might result in

insufficient detection of potentially existing positive lymph nodes,

especially the microscopic ones. Thus, the rates of LRR between two

groups in the Chinese subgroup would not reach statistical
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significance, as it has been traditionally recognized that LRR is

highly associated with cervical LNM (41). Moreover, inadequate

information would be obtained to plan further steps in RAI

treatment and TSH suppression treatment. In addition,

inconsistent definitions of LRR might bias the results. These

factors conjunctively may favor our findings that no significant

difference was found in reducing the LRR rates of the pCND with

TT and TT alone groups by subgroup analysis of Chinese articles.

In terms of postoperative complications, we found some

similarities. In both western-country and Chinese subgroups, the

difference of temporary and permanent RLN injury did not reach

statistical significance between the pCND with TT and TT alone

groups, while the pCND with TT group had a significantly higher

rate of temporary HPT than that of the TT alone group. This

finding was consistent with that of Henry et al. (42) who reported

that approximately 14% of PTC patients presented temporary HPT

and 4% of patients remained with permanent HPT after pCND with

TT. With the development and application of advanced surgical

instruments, such as harmonic scalpel, intraoperative nerve

monitoring, and da Vinci robot, surgery will get more elaborate

and lead to less nerve injury (43, 44). However, the wider dissection

of the central neck compartment might cut off the blood supply to

the parathyroids, extremely, the ipsilateral inferior gland (45).

Moreover, during the pCND with TT, the occurrence of

incidental parathyroidectomy or belated parathyroid gland

transplantation would also cause postoperative temporary or even

permanent HPT (46). These could probably explain what we found

—that pCND with TT significantly increased the rate of permanent

HPT in the Chinese subgroup.
A

B

FIGURE 7

Forest plot for permanent hypoparathyroidism between the pCND with TT group and the TT alone group. (A) Subgroup analysis for studies in
western countries. (B) Subgroup analysis for studies in China.
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According to the American and European guidelines, the

attitude toward pCND for cN0 PTC patients in western countries

is relatively conservative. According to our subgroup analyses of

western-country literature, pCND has the characteristics of

reducing recurrence and leading to relatively few severe

complications, so why do not western guidelines consistently

recommend it? After pCND with TT, LNMs were confirmed in

41% of PTCs, which indicated a moderate level of finding positive

lymph nodes, as Rotstein (6) reckoned that the incidence of cervical

LNMs ranges from 20% to 90% with an average of 60%. Moreover,

it was hard to balance a 0.66% reduction in local recurrence with a

1.83% increase in temporary HPT. We are able to acquire from

guidelines that patients with risk factors, who are recommended to

undergo pCND along with TT, are also considered to receive

postoperative RAI therapy after thyroidectomy without pCND.

RAI therapy owns definite benefit in PTC patients with a high

risk of recurrence or death (47); however, how much of pCND was

attributable to the increased use of RAI therapy was not clear yet.

Temporary HPT caused by the larger surgery extent could have a

short-term influence on the quality of life, such as the numbness of

the mouth and lips. Moreover, one latest literature states that

incidence rates of thyroid cancer are now declining at a slight

pace in America, owing to more conservative biopsy criteria and

updated recommendations (1). Attitudes toward thyroid cancer in

the western world seem to become increasingly conservative in

terms of both diagnosis and treatment.

The consensus among Chinese experts and professors on pCND

has been relatively radical from the past to now. As reported in our

subgroup analyses of Chinese studies, the cervical LNM rate was

52%, which was higher than that in the western country subgroup

(Figure 2). Considering that the unilateral and bilateral dissection

was mixed in the Chinese subgroup, we speculated that this rate

would be increased if all of the patients received a bilateral pCND.

We further reckon that the biological characteristics of PTC in

central LNM are more obvious among the population in China than

in western countries, and whether population-based genetic

detection could explain the problem. Thus, we are looking

forward to further profound studies focusing on this issue. Xu

et al. (48) found that up to 19.8% of patients experienced structural

re-recurrence in about 5 years after reoperation, and Su et al. (49)

and Zhao et al. (50) showed that approximately 6% of patients were

diagnosed as permanent HPT after reoperation. Compared with

reoperation, the recurrence and complication rates of pCND during

initial TT were lower in the Chinese subgroup. Additionally, two

Chinese studies indicated that 78%–96% of temporary HPT caused

by initial TT would recover in a brief postoperative follow-up

duration (51, 52). Therefore, pCND followed by TT is necessary

to decrease the LRR rate and the possibility of the second operation.

In view of the excellent survival rates of patients with PTC (53),

very few studies explored the overall or disease-free survival in this

meta-analysis. Therefore, further high-quality work is required to

investigate survival conditions between pCND with TT and TT

alone, so that more convictive evidence will be used to compare the
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pros and cons of pCND. Moreover, it is profound to see other

subgroup analyses of pCND for cN0 PTC based on factors, such as

age at diagnosis, tumor diameter or volume, family history, and

juvenile radiation history.

Certain limitations were also contained in this meta-analysis.

First, retrospective studies accounted for the majority of the

included research, and bias is inevitable. Second, the number of

accessible Chinese articles in English databases is insufficient. Third,

the different standards for pCND or RAI treatment probably

introduced selection bias. Moreover, the surgical experience and

skills of surgeons, even if in the same district, are rarely on the same

level. Finally, as the included studies were from different countries

and regions, the economic level (high-income countries were

proven to have the highest incidence of thyroid cancer) (54),

medical development (widespread use of medical apparatus and

instruments improves the detection rates in various diseases), and

living environment factors (for example, radiation exposure and

iodine supply) might introduce potential bias.
Conclusion

Compared with the TT alone for cN0 PTC patients, pCNDwith TT

had significantly lower LRR rate while higher temporary HPT rate in

Europe, America, and Australia. Alternatively, it showed no significant

difference in decreasing LRR rate while significantly increased the

incidence rate of temporary and permanent HPT in China. Further

research is needed to estimate the value of pCND among different ethnic

groups in different countries and regions. More population-based results

are required to advocate precision medicine in thyroid carcinoma.
Data availability statement

The original contributions presented in the study are included

in the article/supplementary material. Further inquiries can be

directed to the corresponding author.
Author contributions

Conception and design: JY; Administrative support: GY;

Provision of study materials: YH and CC; Collection and

assembly of data: JC and JL; Data analysis and interpretation: JY

and KX; Article writing: All authors; All authors contributed to the

article and approved the submitted version.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
frontiersin.org

https://doi.org/10.3389/fendo.2023.1176512
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Yang et al. 10.3389/fendo.2023.1176512
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated
Frontiers in Endocrinology 14
organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
References

1. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2022. CA Cancer J Clin

(2022) 72:7–33. doi: 10.3322/caac.21708

2. Furuya-Kanamori L, Bell KJL, Clark J, Glasziou P, Doi SAR. Prevalence of
differentiated thyroid cancer in autopsy studies over six decades: A meta-analysis. J Clin
Oncol (2016) 34:3672–9. doi: 10.1200/JCO.2016.67.7419

3. Chen W, Zheng R, Baade PD, Zhang S, Zeng H, Bray F, et al. Cancer statistics in
China, 2015. CA Cancer J Clin (2016) 66:115–32. doi: 10.3322/caac.21338

4. Ito Y, Miyauchi A, Oda H. Low-risk papillary microcarcinoma of the thyroid: A
review of active surveillance trials. Eur J Surg Oncol (2018) 44:307–15. doi: 10.1016/
j.ejso.2017.03.004

5. Kim WG, Guigon CJ, Fozzatti L, Park JW, Lu C, Willingham MC, et al. SKI-606,
an Src inhibitor, reduces tumor growth, invasion, and distant metastasis in a mouse
model of thyroid cancer. Clin Cancer Res (2012) 18:1281–90. doi: 10.1158/1078-
0432.CCR-11-2892

6. Rotstein L. The role of lymphadenectomy in the management of papillary
carcinoma of the thyroid. J Surg Oncol (2009) 99:186–8. doi: 10.1002/jso.21234

7. Mulla M, Schulte KM. Central cervical lymph node metastases in papillary
thyroid cancer: a systematic review of imaging-guided and prophylactic removal of the
central compartment. Clin Endocrinol (Oxf) (2012) 76:131–6. doi: 10.1111/j.1365-
2265.2011.04162.x

8. Mazzaferri ELJ SM. Long-term impact of initial surgical and medical therapy on
papillary and follicular thyroid cancer. Am J Med (1994) 97:418–28. doi: 10.1016/0002-
9343(94)90321-2

9. Zhang L, Liu Z, Liu Y, Gao W, Zheng C. The clinical prognosis of patients with
cN0 papillary thyroid microcarcinoma by central neck dissection. World J Surg Oncol
(2015) 13:138. doi: 10.1186/s12957-015-0553-2

10. Lundgren CI, Hall P, Dickman PW, Zedenius J. Clinically significant prognostic
factors for differentiated thyroid carcinoma: a population-based, nested case-control
study. Cancer (2006) 106:524–31. doi: 10.1002/cncr.21653

11. Trimboli SU P, Graziano FM, Marzullo A, Ruggieri M, Calvanese A, Piccirilli F,
et al. Trend in thyroid carcinoma size, age at diagnosis, and histology in a retrospective
study of 500 cases diagnosed over 20 years. Thyroid (2006) 16(11):1151–5. doi: 10.1089/
thy.2006.16.1151

12. Calo PG, Lombardi CP, Podda F, Sessa L, Santini L, Conzo G. Role of
prophylactic central neck dissection in clinically node-negative differentiated thyroid
cancer: assessment of the risk of regional recurrence. Updates Surg (2017) 69:241–8.
doi: 10.1007/s13304-017-0438-8

13. Qu H, Sun GR, Liu Y, He QS. Clinical risk factors for central lymph node
metastasis in papillary thyroid carcinoma: a systematic review and meta-analysis. Clin
Endocrinol (Oxf) (2015) 83:124–32. doi: 10.1111/cen.12583

14. Zhao W, You L, Hou X, Chen S, Ren X, Chen G, et al. The effect of prophylactic
central neck dissection on locoregional recurrence in papillary thyroid cancer after total
thyroidectomy: A systematic review and meta-analysis : pCND for the locoregional
recurrence of papillary thyroid cancer. Ann Surg Oncol (2017) 24:2189–98. doi:
10.1245/s10434-016-5691-4

15. Haugen BR, Alexander EK, Bible KC, Doherty GM, Mandel SJ, Nikiforov YE,
et al. 2015 American thyroid association management guidelines for adult patients with
thyroid nodules and differentiated thyroid cancer: the american thyroid association
guidelines task force on thyroid nodules and differentiated thyroid cancer. Thyroid
(2016) 26:1–133. doi: 10.1089/thy.2015.0020

16. Filetti S, Durante C, Hartl D, Leboulleux S, Locati LD, Newbold K, et al. Thyroid
cancer: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-
updagger. Ann Oncol (2019) 30:1856–83. doi: 10.1093/annonc/mdz400

17. NCCN Clinical Practice Guidelines in Oncology-thyroid Carcinoma. Available at:
http://www.nccn.org.

18. Gao M, Ge M, Ji Q, Cheng R, Lu H, Guan H, et al. 2016 Chinese expert
consensus and guidelines for the diagnosis and treatment of papillary thyroid
microcarcinoma. Cancer Biol Med (2017) 14:203–11. doi: 10.20892/j.issn.2095-
3941.2017.0051

19. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gotzsche PC, Ioannidis JP, et al.
The PRISMA statement for reporting systematic reviews and meta-analyses of studies
that evaluate health care interventions: explanation and elaboration. J Clin Epidemiol
(2009) 62:e1–34. doi: 10.1016/j.jclinepi.2009.06.006

20. Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment of
the quality of nonrandomized studies in meta-analyses. Eur J Epidemiol (2010) 25:603–
5. doi: 10.1007/s10654-010-9491-z
21. Alejandro R, Jadad RAM, Carroll D, Jenkinson C, Reynolds DJM, Gavaghan DJ,
et al. Assessing the quality of reports of randomized clinical trials: is blinding necessary?
Control Clin Trials (1996) 17:1–12. doi: 10.1016/0197-2456(95)00134-4

22. Dobrinja C, Troian M, Cipolat Mis T, Rebez G, Bernardi S, Fabris B, et al.
Rationality in prophylactic central neck dissection in clinically node-negative (cN0)
papillary thyroid carcinoma: Is there anything more to say? A decade experience in a
single-center. Int J Surg (2017) 41 Suppl 1:S40–S7. doi: 10.1016/j.ijsu.2017.01.113

23. Giordano D, Frasoldati A, Gabrielli E, Pernice C, Zini M, Castellucci A, et al.
Long-term outcomes of central neck dissection for cN0 papillary thyroid carcinoma.
Am J Otolaryngol (2017) 38:576–81. doi: 10.1016/j.amjoto.2017.06.004

24. Barczynski M, Konturek A, Stopa M, Nowak W. Prophylactic central neck
dissection for papillary thyroid cancer. Br J Surg (2013) 100:410–8. doi: 10.1002/
bjs.8985

25. Hughes DT, White ML, Miller BS, Gauger PG, Burney RE, Doherty GM.
Influence of prophylactic central lymph node dissection on postoperative thyroglobulin
levels and radioiodine treatment in papillary thyroid cancer. Surgery (2010) 148:1100–
6. doi: 10.1016/j.surg.2010.09.019

26. Said M, Fujimoto M, Franken C, Woo S, Vuong B, Haigh PI. Preferential use of
total thyroidectomy without prophylactic central lymph node dissection for early-stage
papillary thyroid cancer: oncologic outcomes in an integrated health plan. Perm J
(2016) 20:15–251. doi: 10.7812/TPP/15-251

27. Lang BH, Wong KP, Wan KY, Lo CY. Impact of routine unilateral central neck
dissection on preablative and postablative stimulated thyroglobulin levels after total
thyroidectomy in papillary thyroid carcinoma. Ann Surg Oncol (2012) 19:60–7. doi:
10.1245/s10434-011-1833-x

28. Moo TA, McGill J, Allendorf J, Lee J, Fahey T3rd, Zarnegar R. Impact of
prophylactic central neck lymph node dissection on early recurrence in papillary
thyroid carcinoma. World J Surg (2010) 34:1187–91. doi: 10.1007/s00268-010-0418-3

29. Hartl DM, Mamelle E, Borget I, Leboulleux S, Mirghani H, Schlumberger M.
Influence of prophylactic neck dissection on rate of retreatment for papillary thyroid
carcinoma. World J Surg (2013) 37:1951–8. doi: 10.1007/s00268-013-2089-3

30. Korkmaz MH, Ocal B, Saylam G, Cakal E, Bayir O, Tutal E, et al. The need of
prophylactic central lymph node dissection is controversial in terms of postoperative
thyroglobulin follow-up of patients with cN0 papillary thyroid cancer. Langenbecks
Arch Surg (2017) 402:235–42. doi: 10.1007/s00423-017-1556-y

31. Kwan WY, Chow TL, Choi CY, Lam SH. Complication rates of central
compartment dissection in papillary thyroid cancer. ANZ J Surg (2015) 85:274–8.
doi: 10.1111/ans.12343

32. Lin B, Qiang W, Wenqi Z, Tianyu Y, Lina Z, Bin J. Clinical response to
radioactive iodine therapy for prophylactic central neck dissection is not superior to
total thyroidectomy alone in cN0 patients with papillary thyroid cancer. Nucl Med
Commun (2017) 38:1036–40. doi: 10.1097/MNM.0000000000000756

33. Popadich A, Levin O, Lee JC, Smooke-Praw S, Ro K, Fazel M, et al. A
multicenter cohort study of total thyroidectomy and routine central lymph node
dissection for cN0 papillary thyroid cancer. Surgery (2011) 150:1048–57. doi: 10.1016/
j.surg.2011.09.003

34. Calo PG, Pisano G, Medas F, Marcialis J, Gordini L, Erdas E, et al. Total
thyroidectomy without prophylactic central neck dissection in clinically node-negative
papillary thyroid cancer: is it an adequate treatment?World J Surg Oncol (2014) 12:152.
doi: 10.1186/1477-7819-12-152

35. Sippel RS, Robbins SE, Poehls JL, Pitt SC, Chen H, Leverson G, et al. A
randomized controlled clinical trial: no clear benefit to prophylactic central neck
dissection in patients with clinically node negative papillary thyroid cancer. Ann Surg
(2020) 272:496–503. doi: 10.1097/SLA.0000000000004345

36. Viola D, Materazzi G, Valerio L, Molinaro E, Agate L, Faviana P, et al.
Prophylactic central compartment lymph node dissection in papillary thyroid
carcinoma: clinical implications derived from the first prospective randomized
controlled single institution study. J Clin Endocrinol Metab (2015) 100:1316–24. doi:
10.1210/jc.2014-3825

37. Raffaelli M, De Crea C, Sessa L, Giustacchini P, Revelli L, Bellantone C, et al.
Prospective evaluation of total thyroidectomy versus ipsilateral versus bilateral central
neck dissection in patients with clinically node-negative papillary thyroid carcinoma.
Surgery (2012) 152:957–64. doi: 10.1016/j.surg.2012.08.053

38. Zhao WJ, Luo H, Zhou YM, Dai WY, Zhu JQ. Evaluating the effectiveness of
prophylactic central neck dissection with total thyroidectomy for cN0 papillary thyroid
carcinoma: An updated meta-analysis. Eur J Surg Oncol (2017) 43:1989–2000. doi:
10.1016/j.ejso.2017.07.008
frontiersin.org

https://doi.org/10.3322/caac.21708
https://doi.org/10.1200/JCO.2016.67.7419
https://doi.org/10.3322/caac.21338
https://doi.org/10.1016/j.ejso.2017.03.004
https://doi.org/10.1016/j.ejso.2017.03.004
https://doi.org/10.1158/1078-0432.CCR-11-2892
https://doi.org/10.1158/1078-0432.CCR-11-2892
https://doi.org/10.1002/jso.21234
https://doi.org/10.1111/j.1365-2265.2011.04162.x
https://doi.org/10.1111/j.1365-2265.2011.04162.x
https://doi.org/10.1016/0002-9343(94)90321-2
https://doi.org/10.1016/0002-9343(94)90321-2
https://doi.org/10.1186/s12957-015-0553-2
https://doi.org/10.1002/cncr.21653
https://doi.org/10.1089/thy.2006.16.1151
https://doi.org/10.1089/thy.2006.16.1151
https://doi.org/10.1007/s13304-017-0438-8
https://doi.org/10.1111/cen.12583
https://doi.org/10.1245/s10434-016-5691-4
https://doi.org/10.1089/thy.2015.0020
https://doi.org/10.1093/annonc/mdz400
http://www.nccn.org
https://doi.org/10.20892/j.issn.2095-3941.2017.0051
https://doi.org/10.20892/j.issn.2095-3941.2017.0051
https://doi.org/10.1016/j.jclinepi.2009.06.006 
https://doi.org/10.1007/s10654-010-9491-z
https://doi.org/10.1016/0197-2456(95)00134-4
https://doi.org/10.1016/j.ijsu.2017.01.113
https://doi.org/10.1016/j.amjoto.2017.06.004
https://doi.org/10.1002/bjs.8985
https://doi.org/10.1002/bjs.8985
https://doi.org/10.1016/j.surg.2010.09.019
https://doi.org/10.7812/TPP/15-251
https://doi.org/10.1245/s10434-011-1833-x
https://doi.org/10.1007/s00268-010-0418-3
https://doi.org/10.1007/s00268-013-2089-3
https://doi.org/10.1007/s00423-017-1556-y
https://doi.org/10.1111/ans.12343
https://doi.org/10.1097/MNM.0000000000000756
https://doi.org/10.1016/j.surg.2011.09.003
https://doi.org/10.1016/j.surg.2011.09.003
https://doi.org/10.1186/1477-7819-12-152
https://doi.org/10.1097/SLA.0000000000004345
https://doi.org/10.1210/jc.2014-3825
https://doi.org/10.1016/j.surg.2012.08.053
https://doi.org/10.1016/j.ejso.2017.07.008
https://doi.org/10.3389/fendo.2023.1176512
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Yang et al. 10.3389/fendo.2023.1176512
39. Chen L, Wu YH, Lee CH, Chen HA, Loh EW, Tam KW. Prophylactic central
neck dissection for papillary thyroid carcinoma with clinically uninvolved central neck
lymph nodes: A systematic review and meta-analysis. World J Surg (2018) 42:2846–57.
doi: 10.1007/s00268-018-4547-4

40. Sanabria A, Betancourt-Agüero C, Sánchez-Delgado JG, Garcıá-Lozano C.
Prophylactic central neck lymph node dissection in low-risk thyroid carcinoma
patients does not decrease the incidence of locoregional recurrence: A meta-analysis
o f r andomized t r i a l s . Ann Surg (2022) 276 :66–73 . do i : 10 . 1097 /
SLA.0000000000005388

41. Sato MO N, Koyama Y, Emura I, Tamiya Y, Hatakeyama K. Do the level of
nodal disease according to the TNM classification and the number of involved cervical
nodes reflect prognosis in patients with differentiated carcinoma of the thyroid gland? J
Surg Oncol (1998) 69(3):151–5. doi: 10.1002/(SICI)1096-9098(199811)69:3<151::AID-
JSO6>3.0.CO;2-V

42. Henry LG JF, Denizot A, A. Kvachenyuk MP, Defechereux. T. Morbidity of
prophylactic lymph node dissection in the central neck area in patients with papillary
thyroid carcinoma. Langenbeck’s Arch Surg (1998) 383(2):167–9. doi: 10.1007/
s004230050111

43. Paolo Miccoli PB, Dionigi G, D'Agostino J, Orlandini C, Donatini. G.
Randomized controlled trial of harmonic scalpel use during thyroidectomy. Arch
Otolaryngol Head Neck Surg (2006) 132(10) :1069–73. doi : 10.1001/
archotol.132.10.1069

44. Marin Arteaga A, Peloni G, Leuchter I, Bedat B, Karenovics W, Triponez F, et al.
Modification of the surgical strategy for the dissection of the recurrent laryngeal nerve
using continuous intraoperative nerve monitoring.World J Surg (2018) 42:444–50. doi:
10.1007/s00268-017-4277-z

45. Pereira JA, Jimeno J, Miquel J, Iglesias M, Munne A, Sancho JJ, et al. Nodal yield,
morbidity, and recurrence after central neck dissection for papillary thyroid carcinoma.
Surgery (2005) 138:1095–100. doi: 10.1016/j.surg.2005.09.013
Frontiers in Endocrinology 15
46. Shan CX, Zhang W, Jiang DZ, Zheng XM, Liu S, Qiu M. Routine central neck
dissection in differentiated thyroid carcinoma: a systematic review and meta-analysis.
Laryngoscope (2012) 122:797–804. doi: 10.1002/lary.22162

47. Makoto Kammori TF, Sugishita Y, Hoshi M, Shimizu K, Yamada. T. Radioactive
iodine (RAI) therapy for distantly metastatic differentiated thyroid cancer (DTC) in juvenile
versus adult patients. Endocr J (2015) 62(12):1067–75. doi: 10.1507/endocrj.EJ15-0451

48. Xu S, Li Q, Wang Z, Huang H, Wang X, Liu S, et al. Evaluating the risk of re-
recurrence in patients with persistent/recurrent thyroid carcinoma after initial
reoperation. Surgery (2021) 169:837–43. doi: 10.1016/j.surg.2020.09.033

49. Su AP,Wang B, Gong YP,WuWS, Gong RX, Li ZH, et al. Carbon nanoparticles facilitate
lymph nodes dissection and parathyroid glands identification in reoperation of papillary thyroid
cancer.Med (Baltimore) (2017) 96:e8380. doi: 10.1097/MD.0000000000008380

50. Zhao WJ, Luo H, Zhou YM, Gou ZH, Wang B, Zhu JQ. Preoperative
ultrasound-guided carbon nanoparticles localization for metastatic lymph nodes in
papillary thyroid carcinoma during reoperation: A retrospective cohort study. Med
(Baltimore) (2017) 96:e6285. doi: 10.1097/MD.0000000000006285

51. Su A, Gong Y, Wu W, Gong R, Li Z, Zhu J. Does the number of parathyroid
glands autotransplanted affect the incidence of hypoparathyroidism and recovery of
parathyroid function? Surgery (2018) 164(1):124–9. doi: 10.1016/j.surg.2017.12.025

52. Qiu Y, Xing Z, Xiang Q, Yang Q, Su A, Luo Y. Duration of parathyroid function
recovery in patients with protracted hypoparathyroidism after total thyroidectomy for
papillary thyroid carcinoma. Front Endocrinol (Lausanne) (2021) 12:665190. doi:
10.3389/fendo.2021.665190

53. Chow SM, Law SC, Chan JK, Au SK, Yau S, Lau WH. Papillary microcarcinoma
of the thyroid-Prognostic significance of lymph node metastasis and multifocality.
Cancer (2003) 98:31–40. doi: 10.1002/cncr.11442

54. Kim J, Gosnell JE, Roman SA. Geographic influences in the global rise of thyroid
cancer. Nat Rev Endocrinol (2020) 16:17–29. doi: 10.1038/s41574-019-0263-x
frontiersin.org

https://doi.org/10.1007/s00268-018-4547-4
https://doi.org/10.1097/SLA.0000000000005388
https://doi.org/10.1097/SLA.0000000000005388
https://doi.org/10.1002/(SICI)1096-9098(199811)69:3%3C151::AID-JSO6%3E3.0.CO;2-V
https://doi.org/10.1002/(SICI)1096-9098(199811)69:3%3C151::AID-JSO6%3E3.0.CO;2-V
https://doi.org/10.1007/s004230050111
https://doi.org/10.1007/s004230050111
https://doi.org/10.1001/archotol.132.10.1069
https://doi.org/10.1001/archotol.132.10.1069
https://doi.org/10.1007/s00268-017-4277-z
https://doi.org/10.1016/j.surg.2005.09.013
https://doi.org/10.1002/lary.22162
https://doi.org/10.1507/endocrj.EJ15-0451
https://doi.org/10.1016/j.surg.2020.09.033
https://doi.org/10.1097/MD.0000000000008380
https://doi.org/10.1097/MD.0000000000006285
https://doi.org/10.1016/j.surg.2017.12.025
https://doi.org/10.3389/fendo.2021.665190
https://doi.org/10.1002/cncr.11442
https://doi.org/10.1038/s41574-019-0263-x
https://doi.org/10.3389/fendo.2023.1176512
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Prophylactic central neck dissection for cN0 papillary thyroid carcinoma: is there any difference between western countries and China? A systematic review and meta-analysis
	Introduction
	Methods
	Protocol and guidance
	Search strategy
	Inclusion and exclusion criteria
	Quality assessment
	Data extraction
	Statistical analysis

	Results
	Study selection
	Study characteristics
	Study quality
	Incidence of central LNM
	Outcome of LRR
	Temporary RLN injury
	Permanent RLN injury
	Temporary HPT
	Permanent HPT

	Discussion
	Conclusion
	Data availability statement
	Author contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


