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Background: Unintended parathyroidectomy occasionally happens despite meticulous capsular dissection
and the histopathological location of removed parathyroid glands were traditionally classified as extracapsular,
subcapsular, and intrathyroidal location. This study aimed to investigate the new histopathological location
of parathyroid gland with high possibility of unintended parathyroidectomy that was difficult to be found
with naked eye despite capsular dissection.

Methods: This study investigated unintended parathyroidectomy that occurred in 743 patients who
received thyroid surgery by reviewing pathology reports and slides. The histopathological location of
unintentionally removed parathyroid glands was classified as intracapsule and extracapsule, and the
intracapsular glands were further classified as completely buried in the thyroid parenchyme, partially buried,
and subcapsular locations.

Results: The incidence of unintended parathyroidectomy was 12.8%. Among the 103 unintentionally
removed parathyroid glands, 74 (71.8%) were found intracapsular and 29 were extracapsular. Among the
intracapsular glands, 57 (55.4%) parathyroid glands were found in difficult locations such as completely
buried (40.8%) and partially buried (14.6%).

Conclusions: The partially buried parathyroid gland can act as a risk factor for unintended
parathyroidectomy comparable to intrathyroidal parathyroid gland despite the surgeon’s best effort
with meticulous capsular dissection. However, continued advances in visualizing technique such as
autofluorescence imaging may lower the chance of incidentally removed partially buried parathyroid glands
in the future.
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Introduction parathyroidectomy through meticulous capsular dissection.

The widely performed surgical technique of thyroidectomy Nevertheless, surgeons are occasionally embarrassed by a

has been capsular dissection, and the goal is to reduce pathologic report indicating parathyroid glands along with

intraoperative injury of parathyroid gland or unintended the thyroid specimen, and the proportion of unintended
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parathyroidectomy has been known to be ranged from
52% to 21.6% (1,2). The histopathological locations of
unintentionally removed parathyroid glands have been
reported to be intrathyroidal, subcapsular, and extracapsular
(3-7). Traditionally, the extracapsular parathyroid gland
has been defined as lying outside the capsule of thyroid
gland while the intrathyroidal parathyroid gland as being
completely surrounded by the parenchyme of thyroid
gland (8). The subcapsular parathyroid gland has been
defined as lying just beneath the capsule but completely
outside the thyroid parenchyma. Ideally, capsular dissection
seems to preserve the subcapsular parathyroid glands
during the operation, but, in practice, unintended removal
of parathyroid gland can be found even with meticulous
capsular dissection. Therefore, this study was initiated due
to the possibility of new histopathological location under the
capsule but was difficult to detect with the naked eye as part
of reducing unintended subcapsular parathyroidectomy.
This study aimed to investigate the new histopathological
location of parathyroid gland with high possibility of
unintended parathyroidectomy along with incidence
of unintended parathyroidectomy during our thyroid
operation. We present this article in accordance with
the STROBE reporting checklist (available at https://
gs.amegroups.com/article/view/10.21037/gs-23-282/rc).

Methods

Data from 761 consecutive patients who underwent any
type of thyroidectomy procedure (hemithyroidectomy
or total thyroidectomy with or without neck dissection)

Highlight box

Key findings
* New histopathological location of parathyroid gland.

What is known and what is new?

* Unintended removal of intrathyroidal parathyroid gland is
inevitable during thyroidectomy.

¢ Partially buried parathyroid gland, which is not intraoperatively
visible to the naked eye, has been newly discovered.

What is the implication, and what should change now?

e Partially buried parathyroid gland can act as a risk factor for
unintended parathyroidectomy comparable to intrathyroidal
parathyroid gland during thyroid surgery.

* It is worth using newly developed visualizing techniques to
preserve partially buried parathyroid glands.
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in Department of Otorhinolaryngology-Head and Neck
Surgery at Korea University, Guro Hospital from January
1, 2013 to December 31, 2017, were collected for this study
through a retrospective review of the charts.

All patients with benign or malignant thyroid disease
admitted for thyroidectomy in this 5-year period were
included. Patients who underwent thyroid operations
for parathyroid disease diagnosed preoperatively or
intraoperatively (n=11), those with repeated thyroid
operations due to recurrent thyroid disease or residual
malignant thyroid disease (n=14), those with parathyroid
autotransplantation due to unintended excision or
devascularization of a parathyroid gland during operation
(n=27), and those who underwent extensive thyroid
procedures, such as laryngectomy, tracheal resection or
median sternotomy, due to locally advanced thyroid cancer
(n=5) were excluded. Finally, the data of the remaining
704 cases were analyzed.

All thyroidectomy procedures were performed in
a similar fashion by two surgeons (J.G.C. and J.S.W.)
with over 10 years of experience in thyroid surgery. The
procedures involved careful capsular dissection in attempts
to identify and preserve the parathyroid glands with
intact vascularity. Excessive and unnecessary dissections
for locating missing parathyroid glands were avoided.
Therapeutic unilateral or bilateral lateral neck dissections
were performed for a clinical N1 stage in addition to
bilateral central neck dissection. According to surgeons’
policy, prophylactic central neck dissection was not
performed for a clinical NO stage of patients who received
total thyroidectomy alone.

Pathological reports and histological slides of all
specimens were reviewed to verify the presence of the
parathyroid glands with the number of glands removed
and their histopathological location. To find the
histopathological factors that make it difficult for surgeons
to find parathyroid glands, their location in the specimen
was classified as intracapsule and extracapsule based on the
review of the slides by a pathologist. Intracapsular location
was defined as the parathyroid glands located beneath the
capsular propria of the thyroid gland and it traditionally
included intrathyroidal and subcapsular location.
Extracapsular location was defined as the glands outside the
thyroid capsule. Under the assumption that there would
be parathyroid gland partially buried in the parenchyme or
partially visible through the capsule of thyroid glands, the
intracapsular location of the parathyroid glands was further
classified as completely buried in the thyroid parenchyme,
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Figure 1 Classification of intracapsular parathyroid glands. (A) Subcapsular, (B) completely buried, and (C) partially buried parathyroid

glands. Solid line: thyroid parenchyme; dotted line: capsular propria. PTG, parathyroid gland.

Table 1 Clinical and demographic characteristics of the participants
(n=704)

Variables Values
Age (years), mean + SE 53+2.9
Sex, n (%)

Male 98 (13.9)

Female 606 (86.1)
Operation, n (%)

Hemithyroidectomy 221 (31.4)

Total thyroidectomy only 372 (52.8)

Total thyroidectomy with neck dissection 111 (15.8)
Histopathological features, n (%)

Benign 189 (26.8)

Malignant 515 (73.2)
Incidental parathyroidectomy, n (%) 90 (12.8)

SE, standard error.

partially buried, and subcapsular locations (Figure I).

Depending on the histopathological location of
unintentionally removed parathyroid glands, patients were
divided into two groups: partially buried and subcapsular
location, versus extracapsular location. The completely
buried parathyroid gland was excluded from the comparison
because sacrifice of parathyroid glands is inevitable even
with capsular dissection. Extent of surgery, pathological
diagnosis, and the presence of extrathyroidal extension were
compared between two groups.

Statistical analysis

Statistical analysis of Chi-squared test was performed for
categorical variables. Data are expressed as mean + standard
error of the mean, unless otherwise specified. All tests
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were two-sided and the level of statistical significance was
established at P<0.05.

Ethical statement

This study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study
was approved by the Institutional Review Board of
Korea University Guro Hospital (No. 2018 GR0229) and
individual consent for this retrospective analysis was waived.

Results

Among the 704 patients who underwent thyroidectomy,
hemithyroidectomy was performed in 221 patients (31.4%)
and total thyroidectomy with or without neck dissection
in the others (n=483, 68.6%). Cancer was pathologically
diagnosed in 515 patients (73.2%). The incidence of
unintended parathyroidectomy was 12.8% (n=90). Among
these cases, more than two parathyroid glands were removed
in 11 patients (two glands in nine patients and three glands
in two patients), who underwent total thyroidectomy with
neck dissection; thus, 103 parathyroid glands were detected
in 90 cases. The demographic and clinical data of the study
group are presented in Tible 1.

The histopathological locations of the unintentionally
removed parathyroid glands were classified as intracapsular
and extracapsular. The intracapsular was subclassified
as completely buried, partially buried, and subcapsular
(Figure 2). Among 103 unintentionally removed parathyroid
glands, 74 glands (71.8%) were found intracapsular and
29 extracapsular (Table 2). Preservation was failed for the
74 parathyroid glands found at the intracapsular location.
Among them, 57 parathyroid glands (55.4%) were found
in difficult locations; 40.8% of the parathyroid glands
(n=42) were completely buried in the thyroid parenchyme
(Figure 24), and 15 glands were partially buried, where it is
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Figure 2 Histopathological locations of parathyroid glands in specimens of thyroidectomy (hematoxylin & eosin stain). (A) Completely
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buried parathyroid gland in the parenchyme of thyroid, (B) partially buried parathyroid gland in the parenchyme of thyroid, (C) subcapsular

parathyroid gland, and (D) extracapsular parathyroid glands. Arrowheads: parathyroid gland.

Table 2 Histopathological locations of the parathyroid glands in
cases with unintended parathyroidectomy during thyroid surgery
(n=103)

Histopathological locations Values

Intracapsular location, n (%) 74 (71.8)
Completely buried 42 (40.8)
Partially buried 15 (14.6)
Subcapsular 17 (16.5)

Extracapsular location, n (%) 29 (28.2)

usually difficult to locate the parathyroid glands (Figure 2B).
The remaining 17 parathyroid glands (16.5%) in the
intracapsular location were found above the parenchyme
of thyroid gland (subcapsular location, Figure 2C). The
extracapsular location was 28.2% (n=29) that should have
been preserved (Figure 2D).

The clinical factors were compared between the partially
buried and subcapsular location, versus the extracapsular
location (Table 3). The extent of surgery, histopathology
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of thyroid, and extrathyroidal extension of cancer were
considerable clinical factors, but none of them showed
statistically significant difference.

Discussion

In this study, the locations of parathyroid glands were
classified as intracapsule and extracapsule because
capsular dissection is the principle of thyroid surgery. Of
the intracapsular parathyroid glands, the intrathyroidal
parathyroid glands, which are completely buried in thyroid
parenchyme, are almost impossible to find intraoperatively
even with meticulous capsular dissection while subcapsular
parathyroid gland is more likely to be found. However,
even the most experienced surgeons receive pathologic
reports indicating unintentionally removed intracapsular
parathyroid glands despite the best efforts to save the
parathyroid glands. Therefore, this study assumed that
intracapsular other than intrathyroidal parathyroid glands
may not routinely be visible to the naked eye depending
on the size or location of them, and divided intracapsular
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Table 3 Comparison of clinical factors related to unintentional parathyroidectomy according to histopathological locations of parathyroid glands

Variables Partially buried and subcapsular location (n=32) Extra-capsular location (n=29) P
Extent of surgery, n (%)
Hemi-thyroidectomy 9 (28.1) 9(31.0) 0.372"
Total thyroidectomy only 18 (56.3) 14 (48.3) 0.233"
Total thyroidectomy with neck dissection 5(15.6) 6 (20.7) 0.295"
Histopathological features, n (%) 0.095"
Benign 7 (21.9) 4 (13.8)
Malignant 25 (78.1) 25 (86.2)
Extra-thyroidal extension, n (%) 13 (40.6) 10 (34.5) 0.241"

T, Chi-squared test.

location into completely buried in thyroid parenchyme,
partially buried, and subcapsular location to offer more
information on histopathologic location of parathyroid
glands. The completely buried parathyroid gland is a
definite anatomical risk factor of unintended removal (7,9).
However, even partially buried parathyroid glands have
a potential of unintended removal. We retrospectively
examined the partially buried parathyroid glands which
made it difficult to preserve them. In this study, fifteen
unintentionally removed parathyroid glands (14.6%) which
were partially buried were observed. This location might act
with similar risk factor as the completely buried parathyroid
glands because partially buried parathyroid glands cannot
be easily seen during surgery by the naked eye. Therefore,
it may have been classified as completely buried in the
past studies (5,8). Since partially buried parathyroid
gland can act as an inevitable risk factor of unintended
parathyroidectomy under the naked eye, surgeons do not
necessarily need to be embarrassed or be frustrated about
the pathologic report of unintended parathyroidectomy,
and thereby do not have to routinely perform an excessive
manipulation for identification of parathyroid gland next
time because it can increase direct trauma or disrupt blood
supply on parathyroid glands (10,11). However, meticulous
capsular dissection of thyroid glands is still crucial principle
of thyroid surgery.

Although the frequent anatomical location of partially
buried parathyroid glands was not identified in the
pathologic report of this study, a few studies have provided
information of anatomical location of subcapsular and
intrathyroidal parathyroid glands. According to the
previous cadaveric study, 87.5% were inferior parathyroid
among the subcapsular parathyroid glands (5). In case of
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intrathyroidal parathyroid gland, there were more inferior
parathyroid glands than superior parathyroid glands but the
specific numerical values were not provided. Another study
investigated the anatomical location of unintentionally
removed parathyroid glands relative to the thyroid gland
and found that the most of them were inferior parathyroid
glands and they were located on the right side (12).
According to the previous study of removal of parathyroid
adenoma, three quarters of intrathyroidal parathyroid
glands were inferior parathyroid glands, and it assumed
that inferior parathyroid glands might have more chance
to be entrapped in thyroid glands due to longer distance of
migration (8).

Newly developed intraoperative visualizing technique
may lower the chance of unintended parathyroidectomy.
Recently, many studies have been reported for visualization
and maintenance of the parathyroid glands iz siru. The near-
infrared fluorescence imaging technique with indocyanine
green (ICQG) could find out the location of the parathyroid
gland during thyroid surgery based on the fact that the
parathyroid glands had a higher fluorescence intensity
than thyroid, lymph nodes or fat (13,14). Autofluorescence
imaging using the natural emission of light by intrinsic
fluorophores is an emerging non-invasive and safe technique
to find the location of the parathyroid gland during surgery
(15,16). Autofluorescence imaging allows surgeons to utilize
high-quality fluorescence images of circulation including
lymphatics and blood vessels during thyroid surgery (16).
According to the study by Benmiloud ez 4/., nearly two-
thirds of identified parathyroid glands were detected by the
near-infrared camera before visual identification, and the
number of unintended removal of parathyroid glands was
significantly lower in near-infrared autofluorescence group
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than in the standard-care group adopting conventional
capsular dissection with visualization of parathyroid glands
by the naked eye (17). Other studies reported similar
results that the parathyroid glands covered by fibrofatty
tissues were detected by near-infrared camera before visual
identification in 77% to 93% of patients (18,19). There is
a known limitation that the ability of near-infrared light to
penetrate tissue is limited to a depth of 2 to 3 mm maximum
and if parathyroid glands are located deeper than 3 mm,
autofluorescence may not be detected (20). However, this
limitation will not be a critical issue if surgeons perform
a meticulous capsular dissection of thyroid gland and
then shine near-infrared light on to the thyroid gland
because the thin capsular propria covering partially buried
parathyroid glands after capsular dissection does not exceed
a few millimeters. Inspection of removed thyroid specimen
with near-infrared light and subsequent autotransplantation
of identified partially buried parathyroid can be another
option to avoid unintended parathyroidectomy because
autofluorescence of parathyroid glands maintain its
emission for at least one hour after resection (21). As a
result, partially buried parathyroid glands can have more
chance to be saved with the help of near-infrared light
compared to the intrathyroidal parathyroid glands because
the depth of thyroid tissue covering the intrathyroidal
parathyroid glands may exceed a few millimeters. With
current conventional operative technique of thyroid surgery,
it would be very challenging to preserve partially buried
parathyroid glands and even subcapsular parathyroid glands.
However, continued advances in visualizing technique may
lower the chance of incidentally removed partially buried
and subcapsular parathyroid glands in the future although
further large randomized prospective studies need to be
preceded to validate these techniques.

The clinical factors between the partially buried and
subcapsular location, and extracapsular location of the
parathyroid gland in unintended parathyroidectomy were
compared in this study. The extent of surgery, histologic
characteristics, and extrathyroidal extension of the cancer
did not show significant differences between two groups.
Extrathyroidal extension has been reported as a risk
factor of unintended parathyroidectomy (22,23). The
authors initially predicted that the subcapsular or partially
buried parathyroid gland had a higher risk of unintended
parathyroidectomy in cases with extrathyroidal extension
of thyroid cancer because capsular dissection would
be more difficult. However, the rates of extrathyroidal
extension were not different between two groups in this
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study. In other words, partially buried and even subcapsular
parathyroid themselves might be considered innate risk
factors of unintended parathyroidectomy regardless of
capsular dissection though more relevant research needs to
be preceded.

This study has some limitations. First, the sample size
was small. Second, the surgical anatomical locations of
each incidentally removed intracapsular parathyroid glands
were not provided due to the nature of retrospective study.
Pathologic reports did not specify their anatomical locations
such as superior or inferior and left or right.

Conclusions

This study is meaningful that a partially buried parathyroid
gland may explain the possibility of an unintended
parathyroidectomy despite the surgeon’s best effort with
meticulous capsular dissection. In other words, a partially
buried parathyroid gland can act as a risk factor for
unintended parathyroidectomy comparable to intrathyroidal
parathyroid gland. This study proposed to divide the
classification of histopathologic location of parathyroid
glands into extracapsule and intracapsule, and additionally
divide intracapsular parathyroid gland into completely
buried, subcapsular and partially buried. With this new
classification, newly developed visualizing techniques may
help to find more partially buried parathyroid glands that
are likely to have been classified as completely buried in
the past studies, and this process will be able to reduce
unintended parathyroidectomy. However, apart from this,
surgeons need to continue capsular dissection with the
naked eye to preserve the subcapsular parathyroid glands.
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