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Abstract Background Central compartment lymph node dissection (CLND) is a part of the
surgical management of differentiated thyroid cancer (DTC). Therapeutic CLND is done
to address clinically significant central compartment nodes in patients with DTC, while
prophylactic CLND iis performed in the presence of high-risk features in the absence of
clinically significant neck nodes . Removal of thymus—unilateral or bilateral—during
CLND to achieve complete clearance of level VI and VII lymph node stations and address
thymic metastasis is debatable.
Objective The present systematic review was conducted to summarize the evidence,
delineating the role of thymectomy during CLND in patients with DTC.
Methods Electronic databases of PubMed, Embase, and Cochrane were searched
from their inception to July 2020 using keywords—thyroid neoplasms or tumors,
thyroidectomy, and thymectomy—to identify the articles describing the role of
thymectomy during CLND in DTC. A pooled analysis of surgicopathological outcomes
was performed using metaprop command in STATA software version 16.
Result A total of three studies and 347 patients—total thyroidectomy (TT) with
bilateral thymectomy in 154, TTwith unilateral thymectomy in 166, and TT alone in 27
patients with DTC—were included in the systematic review. The pooled frequency of
thymic metastasis was a mere 2% in patients undergoing either unilateral or bilateral
thymectomy. The routine addition of thymectomy does not result in better lymph node
clearance. Unilateral and bilateral thymectomy were associated with high chances of
transient hypocalcemia (12.0% and 56.1%, respectively).
Conclusion Routine thymectomy is not warranted during CLND, considering minimal
oncological benefit and high risk of postoperative hypocalcemia.
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Thyroid cancer is a leading endocrine malignancy with
differentiated thyroid cancers accounting for 90% of cases.
GLOBOCAN 2018 documented 567,233 new cases of thyroid
cancer and 41,071 deaths annually.1 Central compartment
lymph node dissection (CLND) is an integral part of surgical
management of differentiated thyroid cancers (DTC),
depending upon the anticipated risk of metastasis based
on various risk factors.2 However, CLND is associated with
significant postoperative morbidity due to the presence of
many vital structures in a relatively narrow anatomical
space.

There are several inconsistencies among the interna-
tional guidelines regarding the inferior limit for CLND in
thyroid cancer. The American Thyroid Association (ATA)
management guidelines, published in 2015, specify CLND
to target level VI station lymph nodes.3 However, the ATA’s
consensus statement on terminology defines the bound-
aries for the CLND as follows: hyoid bone superiorly, the
innominate artery on the right and corresponding axial
plane on the left side inferiorly, medial aspect of the
carotid sheath laterally, prevertebral fascia posteriorly,
and the superficial layer of the deep cervical fascia anteri-
orly (►Fig. 1).4 This equates CLND to incorporate both level
VI and VII station lymph nodes. Furthermore, AJCC (Amer-
ican Joint Committee on Cancer) 7th edition recom-
mended the involvement of level VII nodes to be staged

as N1b, while AJCC 8th edition included level VII meta-
static nodal disease as N1a category. However, both stag-
ing guidelines consider them regional, mandating level VII
lymph node clearance.

The thymus is anatomically located in the superior medi-
astinum and is encountered during level VII lymph node
dissection. Should thymectomy be done routinely as a part of
CLND to achieve good level VII clearance has not been
addressed properly in the literature. The rationale of per-
forming thymectomy in CLND is as follows: (a) it permits
better lymph node clearance, as the thymus gland, especially
its superior horns, lies within the anatomical confines of the
central compartment, and (b) it entails extirpation of thymic
metastasis if any. However, thymectomy performed as a part
of CLND poses a significantly high risk of postoperative
hypocalcemia, as the upper poles of the thymus as well as
the inferior parathyroid glands share a common embryolog-
ical origin from the endoderm of III pharyngeal pouch and lie
close to each other in the paratracheal area within the
domains of surgical boundaries.5

The present systematic review aimed to analyze the risk-
benefit of the routine thymectomy in CLND for DTC. A pooled
analysis of previously conducted studies comparing morbid-
ity associated with bilateral versus unilateral versus no
thymectomy to determine the optimal extent of CLND was
also performed.

Methods

The systematic review of the literature was conducted
following the Preferred Reporting Items for Systematic
Review and Meta-Analysis Protocols (PRISMA-P) guide-
lines. The protocol of this systematic review was regis-
tered in the International Prospective Register of
Systematic Reviews (PROSPERO) with the registration
number CRD42020186741.

Search Strategy
A thorough literature search was conducted using the
electronic databases of MEDLINE (PubMed), Embase
(Ovid), and Cochrane Library (Wiley) of the systematic
review. A complete search strategy was developed follow-
ing a consensus among the coauthors in collaboration with
an external expert. The search strategy used variations in
keywords—thyroid neoplasms or tumors, thyroidectomy,
and thymectomy—found in the title, abstract, or keyword
fields to retrieve articles referring to the role of thymec-
tomy during CLND in DTC. Filters (humans and English)
were applied to refine the search, and the articles pub-
lished since the inception until July 2020 were included in
the analysis. Single case reports/editorials/commentaries
were not included in the review. The abstracts of the
articles retrieved were screened for their relevance to
our topic of study. The full text of the pertinent articles
was obtained and evaluated. The references of these
articles were also evaluated to look for any relevant
studies. EndNote, version 8 (Clarivate Analytics) was
used to facilitate the search process.

Fig. 1 Surgical boundaries of the central compartment node dis-
section (dotted lines)
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Data Extraction
Two authors (P.K. and P.K.G.) searched the electronic data-
bases and screened all the titles and abstracts from the
selected articles. Any disagreement was resolved by the
consensus among the authors. The full texts of the selected
articles were analyzed by the three authors (P.K., P.K.G., and
D.R.P.). The relevant information was extracted using a
predefined data extraction sheet. The information collected
included study location, year of publication, study design,
sample size, clinicopathological details, and treatment out-
comes of the patients included in the study.

Statistical Analysis
All the relevant datawas entered on theMicrosoft Excel sheet
and analyzed. A pooled analysis of surgicopathological out-

comes was performed using metaprop command in the
STATA software version 16.

Results

An initial database search of PubMed, Embase, and Cochrane
using the stated keywords yielded 74, 127, and 301 articles,
respectively. A total of 321 articles were identified after the
removal of the duplicates. The search results were narrowed
down to 26 after screening the titles. The abstracts of these
articles were reviewed and a total of 10 full-text articles were
assessed for eligibility after removing all the studies not address-
ing both the procedures simultaneously. After a thorough evalu-
ation, we found three articles6–8 that fulfilled the inclusion
criteria, which were included in the systematic review (►Fig. 2

Fig. 2 PRISMA chart
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PRISMA chart). There was one randomized controlled trial and
two retrospective studies addressing this issue.

The studies included were heterogeneous, concerning the
inclusion and exclusion criteria and patient population. A
formal assessment of thequality of the studies andpublication
bias could not be undertaken due to the presence of a few
studies. Three studies satisfying the inclusion criteria were
included in the present review and have been enlisted
in ►Table 1. A pooled analysis of the 347 patients included
in these studies was carried out. Among the 347 patients, 154
underwent total thyroidectomy (TT) with bilateral thymecto-
my, while TT with unilateral thymectomy was performed in
166. Total thyroidectomy alone was performed in 27 patients.

Demographic Details
The average age of presentation of the patients in either of
the subgroups of all the three studies was the fourth decade
of life. The mean and median ages have been enumerated
in ►Table 2. All the studies reported female preponderance
among the study subsets with a cumulative female to male
ratio of 3.3.

Tumor Characteristics
The average tumor size of various subgroups in the three
studies analyzed has been enumerated in►Table 2. Variabil-
ity in mean tumor size was noted among various studies;
however, no statistically significant difference was noted in
the individual subgroups.

Operation Related Factors
►Table 3 displays the operative parameters and surgical out-
comes reported in the included studies. Only one study by Li
et al8 documented their mean intraoperative time, and there
was no significant difference noted when TT alone was per-
formed versus when combined with bilateral thymectomy.
Huang et al7 reportedparathyroid autotransplantation rates of
5.1�1.5 and 5.2�1.3 among the patients undergoing unilat-
eral and bilateral thymectomy, respectively, along with TT.
However, there was no statistically significant difference
between the two subgroups (p¼0.657). Similar results with
no statistically significant difference were reported by Khatib
et al6 in their study of 138 patients. Li et al8 reported that the
rates of incidental parathyroidectomy were more common in

Table 1 Characteristics of the included studies in the review

Authors Year Country Research design Study groups Sample size

Group 1 Group 2 Group 1 Group 2

Khatib et al6 2010 France Retrospective review TTþ BT TTþUT 45 93

Huang et al7 2014 China Retrospective review TTþUT TTþBT 73 82

Li et al8 2019 China Randomized controlled trial TT TTþBT 27 27

Abbreviations: BT, bilateral thymectomy; TT, total thyroidectomy; UT, unilateral thymectomy.

Table 2 Patient demographics and clinical characteristics reported in the included studies

Variable Khatib et al6 Huang et al7 Li et al8

TTþBT
(n¼ 45)

TTþUT
(n¼93)

TTþUT
(n¼73)

TTþBT
(n¼ 82)

TT
(n¼ 27)

TTþBT
(n¼ 27)

(I) Demographic

Age (years) 46 (17–85) a 45 (6–78) a 48.1�10.7 b 48.7� 10.4 b 45.3�7.8 b 47.3� 11.6 b

Gender (M/F) 15/38 27/66 11/62 17/65 5/22 6/21

BMI (kg/m2) NA NA NA NA 24.6�4.06 25.2� 3.19

(II) Tumor factors

Size (mm) 11.2 (< 1–55) c 18.1 (< 1–55) c 27.6�12.3 b 25� 12.0 b 9.78�6.4 b 8.85� 4.9 b

Histology

Papillary 42 75 73 82 27 27

Follicular 0 2 Nil Nil Nil Nil

Medullary 3 17 Nil Nil Nil Nil

Risk stratification
(MACIS) (< 6/>6)

NA NA 7/73 16/82 NA NA

Abbreviations: BT, bilateral thymectomy; TT, total thyroidectomy; SD, standard deviation; UT, unilateral thymectomy.
aMedian (range)
bMean� SD
cAverage (range)
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patients undergoing thymectomy than in those who did not
(29.6% vs. 7.4%, p¼0.038).

Surgical Outcomes and Oncological Completeness
The pooled frequency of transient hypocalcemia in unilateral
and bilateral thymectomy was 12% (95%CI, 7%–17%) and 51%
(95% CI 43%–59%), respectively. The pooled frequency of
permanent hypocalcemia in bilateral thymectomy was 5%
(95% CI 1%–12%) (►Fig. 3A). Li et al8 reported that the rates of
transient vocal fold palsy between the thymus preservation
and bilateral thymectomy groups were comparable (18.5%
vs. 11.1%, p¼0.704). Permanent vocal cord palsy was
reported in one patient in the bilateral thymectomy group
due to the violation of the recurrent laryngeal nerve. With
regard to 131I treatment, there was no significant difference
in preablation serum thyroglobulin levels between the thy-
mus preservation and bilateral thymectomy groups
(1.82�2.18 vs. 1.42�1.56, p¼0.775).

Pathological Outcomes
►Table 4 displays the pathological outcomes reported in the
included studies. The pooled frequency of thymic metastasis
was a mere 2% (95%CI, 0%-4%) in patients undergoing either
unilateral or bilateral thymectomy (►Fig. 3B). Huang et al7

reported a total of five cases of thymicmetastases situated in
the ipsilateral thymus. No contralateral thymic metastases
were found in either group. Likewise, Khatib et al6 also
reported two cases of thymic metastases in the bilateral
thymectomy group, both of which were situated in the
ipsilateral thymus on pathological examination.

Discussion

The thymus is a specialized lymphoid organ located in the
anterior superior mediastinum associated with T-cell matu-
ration and is critical to the adaptive immune system. The

presence of a blood thymic barrier restrains a direct contact
of unwanted antigens and tumor cells with the thymus and
thereby prevents metastasis. However, on precise analysis,
structural variation in the cortex and medulla of the organ

Fig. 3 (A) Pooled analysis of postoperative permanent hypocalcemia
in patients undergoing bilateral thymectomy during central com-
partment lymph node dissection (CLND) (B) Pooled analysis of thymic
metastasis in patients undergoing thymectomy during CLND

Table 3 Operative parameters and surgical outcomes reported in the included studies

Variable Khatib et al6 Huang et al7 Li et al8

TTþBT
(n¼45)

TTþUT
(n¼93)

TTþUT
(n¼73)

TTþBT
(n¼82)

TT
(n¼27)

TTþBT
(n¼27)

Operative duration (min)� SD NA NA NA NA 129.52� 31.73 121.30� 33.10

Hospital stay (days) NA NA NA NA 6.22�1.97 6.93�2.17

Parathyroid removal/
transplant rates

7 (15.6%) 8 (8.6%) 5.1� 1.5 5.2� 1.3 2 (7.4%) 8 (29.6%)
(p¼0.038)

POD1 PTH levels
(pg/ml)

NA NA NA NA 25.46�14.72 11.07� 6.03
(p<0.001)

Vocal fold palsy

Permanent NA NA NA NA 0 (0%) 1 (3.7%)

Transient NA NA NA NA 5 (18.5%) 3 (11.1%)

Hypoparathyroidism

Permanent 1 (2.2%) 0 (0%) 0 (0%) 3 (3.6%) 0 (0%) 4 (14.8%)

Transient 16 (35.5%) 10 (10.7%) 10 (13.7%) 43 (52.4%) 7 (25.9%) 19 (70.4%)

Abbreviations: TT, total thyroidectomy; UT, unilateral thymectomy; BT, bilateral thymectomy
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explains the variable robustness of this barrier, which pro-
vides a possibility for metastasis.9 The current systematic
reviewshows that the pooled frequencyof thymicmetastasis
was a mere 2% in patients with DTC undergoing either
unilateral or bilateral thymectomy.

Moreover, the present review also highlights that routine
thymectomy (unilateral or bilateral) does not improve lymph
node yield in patients undergoing CLND. However, a cervical
extension of the thymus is frequently encountered in about
two-thirds of children and young adults as a direct continu-
ation of mediastinal thymic tissue.10 This cervical thymic
extension may warrant selective resection in a particular
patient to achieve optimum lymph nodal clearance during
CLND. A description of its extent in the radiology report can
serve as a useful guide to the surgeon contemplating CLND.

The results of our pooled analysis show that unilateral and
bilateral thymectomy was associated with high chances of
transient hypocalcemia, albeit the pooled frequency of per-
manent hypocalcemia was low. Lin et al11 presented results
of their retrospective cohort study including 3186 patients
who underwent thyroidectomy and reported that TT and
CLND were independent risk factors for incidental parathy-
roidectomy and resultant postoperative hypocalcemia. The
low rates of permanent hypoparathyroidism can be attrib-
uted to the fact that postoperative parathyroid gland func-
tion mainly depends on the number of parathyroid glands
remaining in situ after thyroidectomy.12 The resultant hy-
pocalcemia serves as a trigger for the remaining parathyroid
glands to maintain the serum parathyroid hormone (PTH)
values within the normal range.13 Wide variation in the
incidence of hypocalcemia across different studies may be
attributed to the surgeons’ experience, surgical techniques,
and the annual volume of thyroidectomies at a particular
center.

Thyroidectomy performed for carcinoma is a high-risk
operation, as the posterior capsule is radically dissectedwith
the gland, placing the parathyroid glands as well as the
recurrent laryngeal nerve at higher risk of injury.14 An
additional thymectomy in such scenarios definitively
increases the risk of transient as well as permanent hypocal-
cemia in the postoperative period. However, the expertise

and experience of the operating surgeon undoubtedly
remains a strong predictor of final surgical outcomes. An
association between aggressive treatment protocols and
deterioration in health-related quality of life (HRQoL) scores
has been reported in thyroid cancer survivors by various
authors. The recent ATA guidelines have also emphasized the
need for developing validated patient-reported outcome
measurement tools for assessing the factors that have a
bearing on the quality of life as a part of research on thyroid
cancer survivorship. Goswami et al15 conducted an online
survey of 1,743 thyroid cancer survivors, of which 98%
underwent surgery, using a patient-reported outcomesmea-
surement information system (PROMIS) 29-item profile to
evaluate their quality of life. The authors found that patient
age<45 years, postoperative hypocalcemia, and dysphonia
were among several other factors that were associated with
significantly worse HRQoL scores across various PROMIS
domains.

Therapeutic CLND for nodal metastases in DTC is well-
accepted for cN1 disease. However, controversy surrounds its
role in cN0 neck, although acceptable results can be achieved
with low morbidity by an experienced thyroid surgeon.3

There is a lack of robust data on survival outcomes with
limited literature favoring prophylactic dissection in view of
improved disease-specific survival (DSS),16 local recur-
rence,17,18 and posttreatment Tg levels.17,19 In the light of
the paucity of literature on any additional survival benefit
conferred by the extensive resections in the central com-
partment, the question is raised as towhether increasing the
morbidity of resection by incorporating the thymus in the
resection specimen is a risk worth taking?

The main limitation of this systematic review was the
limited number of studies addressing the issue of routine
thymectomy during the clearance of the central compart-
ment in DTC. Moreover, two of the three studies included in
the review were retrospective observational studies gener-
ating low-level evidence. One of them included 20 patients
with medullary thyroid cancer in their study.6 The third
study despite being a randomized control trial was a single
institute study with a limited sample size to evaluate the
oncological completeness and a short follow-up period to

Table 4 The pathological outcomes reported in the included studies

Variable Khatib et al6 Huang et al7 Li et al8

TTþBT
(n¼45)

TTþUT
(n¼93)

TTþUT
(n¼73)

TTþBT
(n¼ 82)

TT
(n¼ 27)

TTþBT
(n¼ 27)

Lymph node metastases

Central compartment 20 (44.5%)
(all PTC)

53 (57%)
(PTC¼ 44; MC¼ 9)

NA NA 14 (51.9%) 14 (51.9%)

Lateral ipsilateral 13 (28.9%)
(all PTC)

37(39.8%)
(PTC¼ 31; MC¼ 6)

NA NA NA NA

Lateral contralateral 1 (2.2%)
(all PTC)

8 (8.6%)
(PTC¼ 6; MC¼ 2)

NA NA NA NA

Thymic metastases 2 (4.4%) 0 (0%) 2 (2.7%) 3 (3.6%) Nil Nil

Abbreviations: BT, bilateral thymectomy; MC, medullary carcinoma; PTC, papillary thyroid carcinoma; TT, total thyroidectomy; UT, unilateral
thymectomy.
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obtain convincing data on recurrence andmetastasis. Lack of
data in the selected studies on the association of thymic
metastases with the tumor stage, extra thyroid extension,
number of involved and sampled lymph nodes, size of the
largest involved lymph node, extranodal extension, and
vascular invasion precluded establishing any statistically
significant correlation. Moreover, no meaningful correlation
in the lymph node yield following a CNLD could be calculated
across various groups (TT vs. bilateral thymectomy vs. no
thymectomy) due to unavailability or scarcity of the relevant
data in the selected studies. Thus, large randomized con-
trolled trials with long-term follow-up are needed to gener-
ate reliable literature in this context. However, a relatively
indolent nature of the disease precludes ideal treatment
research protocols to be undertaken.

Conclusion

This systematic review elucidates that the literature on the
role of thymectomy during CLND in patients with DTC is
sparse. As the thymectomy during CLND does not confer any
additional oncological benefit and is associated with a high
risk of postoperative hypocalcemia, thymic preservation
must be considered by the operating surgeons, barring the
situations involving multiple metastatic nodes close to the
thymus and warranting selective thymectomy.
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