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Background: The risk and effect of hypocalcemia following surgery of different magnitudes remains
unclear. Thus, we assessed whether different extents of central lymph node dissection (CLND) and status of
preserved parathyroid glands can influence parathyroid function in differentiated thyroid carcinoma (DTC)
patients with initial surgical resection.

Methods: Participants were categorized into 6 groups based on the extent of the surgical procedures,
number of parathyroid glands preserved in situ, and parathyroid autotransplantation. The frequencies of
hypocalcemia, serum calcium (Ca) levels, and parathyroid hormone (PTH) levels among the different groups
were analyzed.

Results: The prevalence of hypocalcemia, number and status of parathyroid glands preserved in situ,
and parathyroid autotransplantation were inversely related to extensive CLND (r=-0.18; P<0.05). The
decrease of serum Ca and PTH was most severe on postoperative days (POD) 1-7. The incidence of
hypocalcemia was higher in Group C than in Group B and A (P<0.05). The average postoperative serum Ca
and PTH levels in Group C were significantly lower than group A on POD 1-7 (P<0.05). The incidence of
hypocalcemia was obviously increased in Group D compared to Groups E and F (P<0.05). The mean serum
Ca and PTH levels in Group D were significantly lower than in Group F (P<0.05), and the same results
could be observed between Groups D and E (P<0.05). However, through parathyroid autotransplantation,
there was no significant difference that could be found between Groups E and F on POD 1-7 (P>0.05).
Conclusions: With the expansion of CLND scope, postoperative parathyroid function will be affected,
increasing the risk of postoperative hypocalcemia. When at least 1-2 parathyroid glands were reserved in
situ plus at least 1 parathyroid gland autotransplantation, there was little effect on postoperative parathyroid
function.
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Introduction

Hypocalcemia following operation for differentiated
thyroid carcinoma (D'T'C) remains one of the most common
postoperative complications, it may prolong hospitalization
and require medical intervention (1). A series of studies
have reported incidences of 20-80% (2,3). Hypocalcemia
is well recognized to associate with the parathyroid gland
injury during thyroid surgery. The common causes of
intraoperative parathyroid injury are inadvertent damage or
removal of the parathyroid glands, ligation or interruption
of the blood supply, and so on (4).

A surgical strategy designed to preserve sufficient numbers
of parathyroid glands is traditionally advocated, which is
critical for preventing clinical or symptomatic hypocalcemia.
Many methods have been used to protect the parathyroid
glands (5,6); however, how many parathyroid glands are
needed to effectively reduce postoperative hypocalcemia is
always a hot topic for specialists. Some studies have supported
that the preservation of all parathyroid glands decreased
the risk of hypocalcemia in comparison to preservation of 3
or fewer glands, although the authors believed that routine
identification of all 4 parathyroid glands was unnecessary (7).
Several studies have shown that the incidence of
hypocalcemia was reduced with preservation of at least one
parathyroid gland with intact blood supply (8). Some scholars
have suggested that the functional recovery of superior
and inferior parathyroids preserved in situ is different (9).
In addition, some scholars have indicated that parathyroid
autotransplantation is another effective strategy to preserve
parathyroid function (10).

More extensive neck dissection, especially in the central
level, may increase the likelihood of sacrificing or damaging
the parathyroid glands and blood supply, which is associated
with higher risk of hypocalcemia (11). Moreover, the
procedure of central lymph node (LN) dissection may affect
the difficulty and | of parathyroid preservation in different
parts and different states. Therefore, some research teams
have established a new parathyroid classification method
for intraoperative evaluation of parathyroid preservation
in situ or autotransplantation (12). Now, increasing
numbers surgeons have begun to heed to the influence of
central lymph node dissection (CLND) on postoperative
parathyroid function, and CLND is being applied more
cautiously. The indications of preventive central lymph
node dissection (pCLND) remain a hot topic today (13).

Because of these ambiguous clinical issues, the purpose
of this study was to explore the effect of different CLND

© Gland Surgery. All rights reserved.

Sun et al. Central node dissection affects parathyroid function

on parathyroid function preservation. Concurrently, we
evaluated the predictive value of different numbers of
parathyroid glands preserved in situ and autotransplanted
on postoperative hypocalcemia. We present the following
article in accordance with the STROBE reporting checklist
(available at http://dx.doi.org/10.21037/gs-21-121).

Methods
Participant characteristics

This was an internal Institutional Review Board-approved
retrospective study. Between January 2010 and January
2020, a total of 435 patients with previously untreated
DTC underwent surgery as first-line therapy at the
Sichuan Cancer Hospital, Sichuan, China. Participants’
characteristics, surgical extents, thyroid tumor location,
tumor size, lymph node metastases (LNM), number of
parathyroid glands preserved, incidence of hypocalcemia,
relevant serological parameters, and other clinicopathologic
characteristics were recorded. Exclusion criteria included
distant metastases at diagnoses, history of prior head
and neck cancer, or other thyroid malignancies. Patients
who had severe systemic disease, abnormal preoperative
parathyroid tests, any diseases that interfered with calcium
(Ca) homeostasis, or incomplete data were also excluded.

Surgical procedures and parathyroid preservation

Total thyroidectomy (TT) was performed alongside
selective CLND to selected patients. A total of 150
participants underwent unilateral CLND, while bilateral
CLND was performed on 189 patients (Figure I).
Participants were categorized based on the surgical
procedures. Group A underwent TT plus anterior laryngeal
and trachea LND only. Group B underwent T'T + unilateral
tracheoesophageal groove LND, and group C underwent
T'T + bilateral tracheoesophageal groove LND.

During the surgery, meticulous extracapsular dissection
was made in order to identify parathyroid glands and
preserve the supplying blood vessels. Terminal branches
of the superior and inferior thyroid arteries were ligated
distally as close to the thyroid glands as possible. The
macroscopic appearance of the preserved parathyroid glands
was grouped as following: D situation: 1-2 parathyroid
preservation in situ without parathyroid implantation; E
situation: 1-2 parathyroid preservation in situ plus at least
1 parathyroid implantation; F situation: 3—4 parathyroid
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Figure 1 Hypocalcemia associated with surgical extent and the number of parathyroid glands preserved. (A) TT+ unilateral CLND: 2 intact
parathyroid being preserved; (B) T'T'+ unilateral:2 parathyroid glands being preserved without blood supply and the color changed; (C) TT +
bilateral CLND with 1 intact parathyroid gland being preserved; (D) TT + bilateral CLND with 2 intact parathyroid gland being preserved
and 1 parathyroid glands were preserved without blood supply and the color changed; (E) TT + bilateral CLND with 3 intact parathyroid

were preserved combined with blood supply preservation and the color was normal, but 1 parathyroid glands preserved without blood supply

and the color changed. The arrow shows parathyroid gland. CLND, central lymph node dissection.

preservation in situ plus at least 1 parathyroid implantation.
All data were recorded in the operative notes. We used
sternocleidomastoid or anterior cervical banded muscle for
intramuscular autoimplantation of parathyroid glands with
poor blood supply and free parathyroid glands. The specific

method used was homogenate injection after grinding.

Perioperative evaluation

Serum Ca and parathyroid hormone levels were measured
by standard methods. The serum calcium and parathyroid
hormone (PTH) levels were collected on the day
preoperative, 1-7 days postoperative, and more than 7 days,
respectively. Symptomatic hypocalcemia was defined with
at least 1 of following symptoms: tingling, numbness, or
carpopedal spasm along with hypocalcemia.

Statistical analysis

The statistical software SPSS version 17.0 IBM Corp.,
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Chicago, IL, USA) was used to analyze the data. Continuous
data were represented as mean + SD and compared using
variance analysis. Categorical variables were evaluated
using a chi-square or Fisher’s exact test as appropriate. To
evaluate the impact of different surgical extents on the rate
of postoperative hypocalcemia and other relevant serological
parameters, participants were classified into groups A, B, and
C. To assess the effect of preserved parathyroid glands on
the study variables above, participants were also categorized
into groups D, E, and F. Correlation analysis of categorical
variables was conducted to establish the relationship between
different surgical extents and parathyroid glands preserved.
A P value <0.05 was considered statistically significant.

Ethical statement

All procedures performed in this study involving human
participants were in accordance with the Declaration of
Helsinki (as revised in 2013). The study was reviewed and
approved by the Ethics committee of Sichuan Cancer Hospital.
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Table 1 Demographic and clinicopathological characteristics of 435

patients with DTC
Variables No. of patients (%)
Gender

Male 111 (25.5)

Female 324 (74.5)
Age, mean (SD), years 42.94 (13.44)
Pathology

Papillary 406 (93.3)

Follicular 29 (6.7)
Tumor size, mean (SD), cm 1.89 (1.33)
Tumor location

Upper pole 145 (33.4)

Middle 158 (36.3)

Lower pole 132 (30.3)
Multifocality

Yes 211 (48.5)

No 224 (51.5)
Affected lobes

Unilateral 311 (71.5)

Bilateral 124 (28.5)
Capsular invasion

Yes 201 (46.2)

No 234 (53.8)
Central LNM

Yes 254 (58.4)

No 181 (41.6)
Surgical extent

A 96 (22.1)

B 150 (34.5)

C 189 (43.4)
Hypocalcemia

Normal 226 (51.9)

Asymptomatic 110 (25.3)

Symptomatic 99 (22.8)

Table 1 (continued)
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Table 1 (continued)

Variables No. of patients (%)

Parathyroid glands preserved

D 95 (21.8)
E 161 (37.0)
F 179 (41.1)

A, TT + anterior laryngeal and trachea LND only; B, TT +
unilateral tracheoesophageal groove LND; C, TT + bilateral
tracheoesophageal groove LND; D, 1-2 parathyroid preservation
in situ without parathyroid autotransplantation; E, 1-2 parathyroid
preservation in situ + at least 1 parathyroid autotransplantation;
F, 3—-4 parathyroid preservation in situ + at least 1 parathyroid
autotransplantation. LNM, lymph node metastasis; LND, lymph
node dissection; TT, total thyroidectomy; DTC, differentiated
thyroid cancer.

Individual consent for this retrospective analysis was waived.

Results
Demographic characteristics

Participant demographic characteristics are shown in Table 1.
Participants were grouped by the CLND extent: Group A
(n=96, 22.1%); Group B (n=50, 34.5%); Group C (n=189,
43.4%). All participants were also classified based on the
status of parathyroid preserved: Group D (n=95, 21.8%),
Group E (n=161, 37.0%), Group F (n=179, 41.1%).
Totally, 209 participants were diagnosed with postoperative
hypocalcemia, 110 (52.6%) were asymptomatic, while 99
(47.4%) demonstrated clinically symptomatic hypocalcemia.
Among the total of 435 study participants, 226 (51.9%) had
normal postoperative serum Ca levels without any clinical
hypocalcemia symptoms.

Correlations of bypocalcemia, serum Ca, and PTH with
extent of surgical procedures

The correlations of hypocalcemia, serum Ca, and PTH
with extent of surgical procedures is shown in 7able 2. The
comparisons of normal, asymptomatic, and symptomatic
hypocalcemia, are demonstrated in Figure 24, which
shows a tendency for high risk of hypocalcemia associated
with extensive surgical extents. In Group A, we observed
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Table 2 Hypocalcemia and relevant serological parameters associated with surgical extent
Surgical extent P value
Variable
A B C Avs. B Bvs.C Avs.C
Hypocalcemia, n (%) <0.05 0.04 <0.05
Normal 62 (64.6) 81 (54.0) 83 (43.9)
Asymptomatic 25 (26.0) 28 (18.7) 57 (30.2)
Symptomatic 9(9.4) 41 (27.3) 49 (25.9)
Serum calcium (mmol/L), mean + SD
POD 0 2.39+0.14 2.40+0.13 2.38+0.13 0.34 0.18 0.87
POD 1-7 2.08+0.24 2.03+0.28 2.00+0.26 0.09 0.45 0.02
POD >7 2.24+0.13 2.20+0.15 2.13+0.19 0.06 <0.05 <0.05
PTH (pg/mL), mean = SD
POD 0 41.50+14.53 41.79+17.65 42.93+13.72 0.89 0.49 0.46
POD 1-7 23.88+9.74 22.56+13.09 18.81+11.40 0.39 0.003 0.001
POD >7 29.74+10.72 28.76+11.76 25.67+12.25 0.53 0.02 0.006
Total 96 150 189

A, TT plus anterior laryngeal and trachea LND only; B, TT + unilateral tracheoesophageal groove LND; C, TT + bilateral tracheoesophageal

groove LND. PTH, parathyroid hormone; POD, postoperative day.

A Hypocalcemia associated with surgical extent
@ Normal

O Asymptomatic

B Symptomatic

Cases

A B o]

B Hypocalcemia associated with parathyroid glands preserved
120
Normal
100
O Asymptomatic

80 B Symptomatic
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Figure 2 Hypocalcemia associated with surgical extent (A) and number of parathyroid preserved iz situ and implantation (B). (A) T'T plus

anterior laryngeal and trachea LND only; (B) T'T + unilateral tracheoesophageal groove LND; (C) TT + bilateral tracheoesophageal groove

LND; (D) 1-2 parathyroid preservation iz situ without parathyroid autotransplantation; (E) 1-2 parathyroid preservation in situ plus at least

one parathyroid autotransplantation; (F) 3—4 parathyroid preservation iz situ plus at least one parathyroid autotransplantation. T'T, total

thyroidectomy; LND, lymph node dissection.

25 (26.0%) asymptomatic and 9 (9.4%) symptomatic
participants among the cases of hypocalcemia. In group
B, the number of asymptomatic hypocalcemia cases was
28 (18.7%), which was slightly lower than that of group
A, while the number of symptomatic hypocalcemia cases
in group B was 41 (27.3%), which was significantly higher
than that of group A. Both asymptomatic and symptomatic
hypocalcemia rates were highest in group C, which were
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57 (30.2%) and 49 (25.9%), respectively, among the 3
groups. The difference among the 3 groups was statistically
significant (A vs. B, P<0.05; B vs. C, P=0.04; A vs. C,
P<0.05). There were tendencies that the more parathyroid
preserved in situ and appropriate parathyroid implantation,
the fewer cases of asymptomatic or symptomatic
hypocalcemia (Figure 2B). There were 26 (27.4%)
asymptomatic and 43 (45.2%) symptomatic hypocalcemia
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B Changes in PTH of differently surgical extent

POD 0 POD 1-7 POD >7

D Changes in PTH of differently parathyroid glands preserved
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8
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Figure 3 Changes in serum calcium and PTH of different surgical extent (A,B) and number of parathyroid preserved in situ and

autotransplantation (C,D). (A) TT + anterior laryngeal and trachea LND only; (B) TT + unilateral tracheoesophageal groove LND; (C)

TT + bilateral tracheoesophageal groove LND; (D) 1-2 parathyroid preservation iz situ without parathyroid autotransplantation; (E) 1-2

parathyroid preservation in situ + at least 1 parathyroid autotransplantation; (F) 3—4 parathyroid preservation in situ + at least 1 parathyroid

autotransplantation. PTH, parathyroid hormone; POD, postoperative day; T'T| total thyroidectomy; LND, lymph node dissection.

cases observed in group D. In group E, asymptomatic and
symptomatic hypocalcemia cases were 34 (21.1%) and
35 (21.7%), respectively, which were slightly lower than
those of group D. The numbers of asymptomatic and
symptomatic indexes were highest and lowest in group F,
which were 50 (27.9%) and 21 (11.8%), respectively. The
difference among the 3 groups was statistically significant
(D wvs. E, P<0.05; E vs. F, P=0.03; D vs. F, P<0.05). These
results demonstrated that intraoperative preservation of
more parathyroid glands and appropriate parathyroid
implantation could reduce the risk of hypocalcemia.

Our results revealed that unilateral and bilateral CLND
may increase the possibility of hypocalcemia after DTC
surgery. As shown in Figure 34,B, variations of perioperative
serum calcium and PTH both decreased on postoperative
days 1-7 (POD 1-7) firstly, and recovered after more than 7
postoperative days (POD >7). However, the degree of these
variations became more pronounced with more extensive
CLND. As shown in Table 2, during the perioperative period,
there was a slight but statistically significant difference in
mean serum Ca and PTH. During POD 1-7, the mean level
of serum Ca in group C (2.000.26 mmol/L) was significantly
lower than that of group A (2.08+0.24 mmol/L) (P=0.02),
and the levels of PTH in group B (22.6+13.1 pg/mL)

© Gland Surgery. All rights reserved.

and group A (23.9+9.7 pg/mL) was significantly higher than
that of group C (18.8+11.4 pg/mL), respectively (all P<0.05).
When POD >7, the levels of either serum Ca or PTH
were significantly lower in group C (2.13+0.19 mmol/L
and 25.7+12.3 pg/mL) than group B (2.20+0.15 mmol/L
and 28.8+11.8 pg/mL) and group A (2.24+0.13 mmol/L and
29.7£10.7 pg/mL), respectively (all P<0.05). Nevertheless,
Table 2 shows that the values of serum Ca and PTH had no
statistical differences between groups A and B either during
cither POD 1-7 or POD >7 (P>0.05).

Correlations of bypocalcemia, serum Ca and PTH with the
number and status of parathyroid glands preserved

Table 3 shows the correlations of hypocalcemia, serum Ca
and PTH with the number and status of parathyroid glands
preserved. The changes of perioperative serum Ca and PTH
significantly reduced during POD 1-7, and then gradually
increased after POD >7 (Figure 3C,D). However, the degree
of these changes became more noticeable alongside fewer
preserved parathyroid glands and less blood supply. As shown
in Table 3, during POD 1-7, the mean levels of either serum
Ca or PTH were significantly lower (P<0.05) in group D
(1.84+0.35 mmol/L and 16.8+9.3 pg/mL) than in group
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Table 3 Hypocalcemia and relevant serological parameters associated with the number of parathyroid preserved iz situ and implantation
Parathyroid preserved and autotransplantation P value
Variable
D E F Dvs. E Evs. F Dvs. F
Hypocalcemia, n (%) <0.05 0.032 <0.05
Normal 26 (27.4) 92 (57.2) 108 (60.3)
Asymptomatic 26 (27.4) 34 (21.1) 50 (27.9)
Symptomatic 43 (45.2) 35(21.7) 21 (11.8)
Serum calcium (mmol/L), mean + SD
POD 0 2.40+0.12 2.39+0.15 2.38+0.11 0.85 0.47 0.41
POD 1-7 1.84+0.35 2.06+0.24 2.10+0.17 <0.05 0.12 <0.05
POD >7 2.10+£0.19 2.19+0.18 2.21+0.15 <0.05 0.26 <0.05
PTH (pg/mL), mean + SD
POD 0 40.94+14.09 41.19+14.68 43.82+16.44 0.90 0.12 0.14
POD 1-7 16.75+9.29 21.32+11.46 23.50+£12.78 0.002 0.084 <0.05
POD >7 24.75+12.99 26.88+10.89 29.84+11.73 0.16 0.02 0.001
Total 95 161 179

D, 1-2 parathyroid preservation in situ without parathyroid autotransplantation; E, 1-2 parathyroid preservation in situ + at least 1
parathyroid autotransplantation; F, 3-4 parathyroid preservation in situ + at least 1 parathyroid autotransplantation. PTH, parathyroid

hormone; POD, postoperative day.

Table 4 Co-relationship between surgical extent and the status of parathyroid preserved

Surgical extent, n (%)

Parathyroid 12 P value r
A B C
D 7(1.6) 26 (6.0) 62 (14.3) 27.48 <0.05 -0.18
E 43 (9.9) 61 (14.0) 57 (13.1)
F 46 (10.6) 63 (14.5) 70 (16.1)

A, TT + anterior laryngeal and trachea LND only; B, TT + unilateral tracheoesophageal groove LND; C, TT + bilateral tracheoesophageal
groove LND; D, 1-2 parathyroid preservation in situ without parathyroid autotransplantation; E, 1-2 parathyroid preservation in situ +
at least 1 parathyroid autotransplantation; F, 3—-4 parathyroid preservation in situ + at least 1 parathyroid autotransplantation. TT, total

thyroidectomy; LND, lymph node dissection.

E (2.06£0.24 mmol/L and 21.3+11.5 pg/mL) and group F
(2.10+0.17 mmol/L and 23.5+12.8 pg/mL), which had the
highest levels of these 2 measurements. However, there were
no significant differences in mean values of both serum Ca

and PTH at POD 0 (P>0.05).

Correlation between surgical extent and preservation of

parathyroid glands

The correlation between surgical extent and preservation
of parathyroid glands is shown in 7able 4. As described, the
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situation of the parathyroid glands preserved was correlated
with extensive CLND. The coefficient of correlation was
-0.18, indicating that more extensive CLND might lead
to a lower number and reduced blood supply of preserved
parathyroid glands. Pearson chi-square test showed a
statistically significant difference (P<0.05).

Discussion

Surgical complications following thyroidectomy are seen
as hypocalcemia, voice change, vocal cord dysfunction,
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hematoma, and so on. Among these, hypocalcemia is
probably more difficult to prevent due to extent of oncologic
surgical resection and parathyroid glands preservation (14).
Despite capsular dissection technique and parathyroid auto-
transplantation being performed, hypocalcemia in our study
was 48.1%, which was similar to that of other recent reports
2,3,15).

Participants’ clinicopathologic characteristics, perioperative
serum Cs, and PTH level are among the main predictive
factors of postoperative hypocalcemia (16,17). In our
experience, various intraoperative factors, such as mechanical
and thermal injury, de-vascularization, and incidental
excision of parathyroid glands, are more closely related
to hypocalcemia. Because of strong relationship between
hypocalcemia and parathyroid glands preserved, conventional
thyroid surgical strategy recommends the systemic
identification and preservation of as many parathyroid glands
as possible. As research continues, the requirement to routinely
identify all parathyroid glands has been questioned and remains
controversial. Time-consuming, meticulous dissection for
preservation of functional parathyroid glands is always destined
to fail sometimes in CLLND, either because of thrombosis of
the parathyroid artery or parathyroid capsule edema (18). In
this instance, an appropriate number of parathyroid glands
preserved is recommended. Some authors reported a higher
incidence of postoperative hypocalcemia when less than 3
parathyroid glands were identified and preserved (19), while
others reported that less than 2 parathyroid glands identified
during surgery was a risk of postoperative development (20).
Furthermore, some authors recommended that preserving 1
parathyroid gland with an intact blood supply was enough (18).

In the current study, the preservation of parathyroid
glands was categorized according to the number of
parathyroid glands preserved in situ and autotransplanted.
This classification was based on anatomy and our
experience. In terms of anatomy, parathyroid glands are
usually located extracapsularly on the posterior surface
of the thyroid gland. The 2 superior parathyroids are
usually located at the superior pole of the posterior thyroid
gland near the cricothyroid junction. They have relatively
fixed locations and are generally very apparent for quick
identification. However, some of the inferior parathyroids
are usually found in the lower pole of the thyroid gland and
have high rates of anatomic variations. According to our
experience, it is relatively easier to identify and preserve
the 2 superior parathyroids and their blood supply than 2
inferior parathyroids. Therefore, we defined the boundary
as a cut point at 2 parathyroids. Meanwhile, blood supplies
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are inherently more vulnerable to surgical trauma, which
mainly affects the function of normal parathyroids (Figure I).
We aim to actively or passively autotransplant parathyroid
glands which cannot be preserved in situ with good blood
supplies. Therefore, in order to clarify the effectiveness of
parathyroid autotransplantation, we set up research groups
Eand E

Our data showed that the variation of serum Ca level
was primarily affected by PTH changes. Group F had the
highest serum Ca and PTH level at any time after surgery,
and the frequencies of hypocalcemia were lowest among
others, which could prevent postoperative hypocalcemia
effectively. We deem it optimal that 3—4 parathyroid glands
are preserved during operation, regardless of whether by
parathyroid autotransplantation. If only 1-2 parathyroid
glands are preserved, it may lead to noticeably low
postoperative serum Ca, low serum PTH, and the highest
frequencies of hypocalcemia, especially in symptomatic
hypocalcemia. However, in cases where preservation of 3—4
parathyroid glands fails, we can try our best to identify and
autotransplant. In the present study, group E, with both only
1-2 parathyroid glands in situ plus at least 1 parathyroid
autotransplantation, had higher postoperative serum Ca and
PTH level, and a lower rate of hypocalcemia than group
D. Furthermore, such differences were not statistically
significant between group E and F. Thus, we suggest that
more than 2 parathyroid glands should be preserved in situ
and plus at least 1 parathyroid autotransplantation should
be performed during the operation.

The crucial risk factor for hypocalcemia is the surgical
technique itself and the extent of operation, which is
associated with preservation of parathyroids. More extensive
surgical procedures could lead to hypocalcemia (11).
However, use of thyroidectomy with a capsular dissection
technique leads to significant differences slowly disappearing
among total, subtotal, and partial thyroidectomy in
hypocalcemia (12). For safety in DTC surgery, CLND is
essential in clinically N1 patients. Even for ¢cNO patients,
most surgeons prefer to conduct prophylactic CLND.
However, during CLND, parathyroid glands are easily
removed with the surrounding adipose tissue, but it is hard
to distinguish the glands from the lymph nodes around
them. Therefore, we view CLND as the main risk factor
for unintentionally excising parathyroids during surgery for
DTC. Our data indicate the correlation between the more
extensive CLND performed and the fewer parathyroid
preserved. The risk of hypocalcemia increased when T'T
combined with CLND, and the risk was even higher
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for bilateral CLND than unilateral CLND, as reported
previously. However, the variations in postoperative serum
Ca and PTH levels had no significant differences between
groups A and B, while significant differences were observed
between groups A and C. The only differences between
group B and C were in PTH and POD >7 serum Ca.
These results indicate that more attention should be paid
to hypocalcemia when bilateral CLND is performed. This
finding that unilateral or bilateral CLND may be associated
with higher risk of hypocalcemia may assist in resolving
the hesitation and debate surrounding CLND for DTC,
particularly in pCLND for ¢NO, which is currently still
controversial in guidelines around the world (21-23).

This study also indicated that routine Ca
supplementation, which has been recommended to
minimize the rate of hypocalcemia and shorten hospital
stays, may not be necessary (24). Selectively predictive
Ca supplementation may be a better choice (25). Patients
should be administered Ca or vitamin D supplementation
preemptively after T'T' combined with CLND, especially
for bilateral CLND. If the surgeon fails to retain 1-2
parathyroids in situ during the operation, and cannot
identify and autotransplant more parathyroids, predictive
Ca supplementation is recommended.

The present study had some unavoidable limitations.
First, the sample size of our study was relatively small
and the study design was not randomized. Second, all
operations were performed by different teams of surgeons
within the same hospital and data was collected from a
single institution. Thus, the conclusions cannot be assumed
applicable to all surgeons or centers. Third, the evaluation
of the status and viability of the parathyroid glands’ blood
circulation remains a subjective determination. Finally,
several other unknown factors could influence the results
despite much effort to minimize them. Therefore, further
larger and well-designed studies are needed.

Conclusions

Performance of CLND in thyroid cancer surgery increases
the difficulty of parathyroid function preservation. With
the expansion of CLND range, postoperative parathyroid
function will be affected, increasing the risk of postoperative
hypocalcemia. Surgeons should strive to preserve
parathyroid glands in situ, and autotransplantation should
be carried out for ischemic or free parathyroids. When at
least 1-2 parathyroid glands were reserved in situ plus at
least 1 parathyroid gland autotransplantation, there was
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little effect on postoperative parathyroid function, and the
incidence of hypocalcemia was low. If this is not achievable,
patients should be given preventive Ca support treatment
after operation.
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