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Background: Parathyroid glands protection is still controversial in patients with less than 4 parathyroid
glands during thyroidectomy. The aim of this study was to investigate the strategy of parathyroid
autotransplantation or iz situ preservation in patients with 3 parathyroid glands.

Methods: Consecutive patients who underwent primary total thyroidectomy with bilateral central neck
dissection for papillary thyroid carcinoma (PTC) in our center were included retrospectively. Serum calcium
and parathyroid hormone (PTH) levels (pg/mL), incidence of hypocalcemia and hypoparathyroidism
during 24 months follow-up were compared grouping by the number of parathyroid glands both identified
intraoperatively and confirmed postoperatively by pathology.

Results: A total of 1,424 patients were included. Serum PTH and calcium levels were lower and the
incidence of hypocalcemia was higher in patients with 3 identified parathyroid glands. When excluding
patients with accidental parathyroid resection, the results remained similar. Of the 212 patients
with 3 identified parathyroid glands, PTH levels at postoperative 12-month in patients underwent
autotransplantation were significantly lower than patients with all parathyroid glands preserved in situ
(3.65£1.30 vs. 4.67+1.89, P=0.026).

Conclusions: The parathyroid function was weaker in patients with 3 parathyroid glands than patients
with 4 before and after operation. Parathyroid glands preserved all in situ promoted better recovery of

postoperative function in patients with 3 identified parathyroid glands.
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Introduction mechanical and thermal trauma, or resection of one or

more parathyroid glands (2-5). Total thyroidectomy with

Over the past three decades, the incidence of thyroid central neck dissection increases the risk of postoperative

cancer has increased threefold, whereas the papillary hypoparathyroidism, especially with bilateral central neck

thyroid carcinoma (PTC) accounts for approximately 90%
of thyroid cancer (1). Postoperative hypocalcemia and
hypoparathyroidism are common complications in PTC

operations due to parathyroid injury from devascularization,

© Gland Surgery. All rights reserved.

dissection (6). It is reported the prevalence of transient
hypocalcemia ranged from 19% to 38% (7), and the
incidence of transient and permanent hypoparathyroidism
were 51.9% and 16.2% after total thyroidectomy with
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bilateral central lymph node dissection, respectively (8).

Some authors believed that the parathyroid glands
should be preserved iz situ and autotransplantation should
be limited (9), while other authors supported routine
autotransplantation of one gland (10). Meanwhile, there
were surgeons also believed that the adoption of parathyroid
autotransplantation should be of all identified parathyroid
gland or at least two of the identified glands (11). However,
the number of parathyroid glands can be varied from each
other. The former reached consensus or existed debate
concentrating on patients with at least 4 parathyroid glands.
However, it was reported that 78% of people had four
of these glands, and about 15% had three (12). Previous
studies had not explained about the protection strategy for
patients with three parathyroid glands. In this circumstance,
strategy of autotransplantation or preservation iz situ for
patients with three parathyroid glands is still uncertain.

Therefore, the aims of this study were to
investigate the rule of parathyroid function after total
thyroidectomy with bilateral central neck dissection in
patients with three parathyroid glands and to ascertain
whether autotransplantation affected the incidence of
postoperative hypocalcemia, transient and permanent
hypoparathyroidism, thereby providing evidence for the
surgical strategy of patients with fewer parathyroid glands.

We present the following article in accordance with The
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) reporting checklist (13) (available
at http://dx.doi.org/10.21037/gs-20-486).

Methods

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The
Institutional Review Board of West China Hospital (No.
2019-799) approved this retrospective study, and all patients
provided informed consent to have their data recorded,
analyzed, and published for research purposes.

Patients

We reviewed our clinical database containing 2,032
consecutive records of patients with PTC, which could
reduce bias. All the patients who underwent primary total
thyroidectomy with bilateral central neck dissection in the
Department of Thyroid & Parathyroid Surgery, West China
Hospital, Sichuan University between January 2013 and
June 2018 were included retrospectively. Inclusive criteria
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included patients with three or four identified parathyroid
glands in operation. Exclusion criteria included (I)
incomplete data; (II) reoperation; (III) kidney disease; (IV)
patients with preoperative hypercalcemia or hypocalcemia;
(V) patients with preoperative hyperparathyroidism or
hypoparathyroidism. Serum calcium and PTH levels,
rates of hypocalcemia and hypoparathyroidism during
24 months follow-up were compared grouping by the
number of parathyroid glands identified intraoperatively
and the number of parathyroid glands confirmed
postoperatively by pathology. Comparisons were also
conducted in patients with 3 identified parathyroid glands
grouping by autotransplantation and iz situ preservation.
PTC was finally confirmed by postoperative pathology.

Surgical procedures

All surgeries were performed by an experienced surgeon
team and carbon nanoparticles suspension was injected
into the thyroid gland to facilitate parathyroid glands
identification according to patients’ will (14). The
indications for total thyroidectomy with bilateral central
lymph node dissection are as follows: bilateral PTC;
isthmus PTC; PTC with stage T3 or T4; prelaryngeal
and/or pretracheal lymph node metastases; bilateral
central lymph node or lateral lymph node metastases;
TERT (+). There are usually three sources of blood
supply to the upper parathyroid glands: (I) posterior
branches of the upper thyroid artery, as the main blood
supply source; (II) anastomotic branches of the upper
and lower thyroid arteries; and (III) the lowest thyroid
artery and the arteries at the larynx, trachea, esophagus,
and so on. To ensure the parathyroid blood supply, the
third-tier terminal blood vessels should be treated close
to the natural thyroid capsule (true capsule), rather
than ligating the trunk of the upper and lower thyroid
arteries, which was called meticulous capsule dissection.
During operation, attempt was firstly made to preserve
all parathyroid glands and autotransplantation would be
performed when the parathyroid gland was discolored
at the end of the surgery or was incidentally removed
during the operation, which would be chopped into 1 mm’
fragments and then autografted into several pockets in the
ipsilateral sternocleidomastoid muscle. All the specimens
removed would be systematically dissected in case intra-
thyroid parathyroid glands being unintentionally resected.
Identification of parathyroid glands was based on visual
features. The parathyroid gland would be verified by
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intraoperative frozen-section biopsy when in doubt. All
surgical specimens were analyzed by the same pathologist
and the presence of parathyroid glands accidentally resected
in the surgical specimens was recorded.

Perioperative evaluation and follow-up

Demographic data were collected upon admission. Levels
of serum calcium and parathyroid hormone (PTH)
were measured at 1-day, 1-month, 3-month, 6-month,
12-month follow-up. Patients were given prophylactically
intravenous 4,000 mg calcium gluconate supplementation
after operation. Then patients with normal calcium
complained no discomfort were discharged on the 1™ or
2" postoperative day. Patients were followed up in the
outpatient department.

Definition

Postoperative hypoparathyroidism was defined as a PTH
level <14 pg/mL (normal range, 14-65 pg/mL), regardless of
hypocalcemia symptoms. Transient hypoparathyroidism was
defined as occurring for less than six months after surgery,
while permanent hypoparathyroidism continued beyond
six months after surgery. Postoperative hypocalcemia was
defined as a serum calcium level <8.5 mg/dL (normal range,
8.5-10.5 mg/dL). The number of identified parathyroid
glands was defined based on visual features or intraoperative
frozen-section biopsy and the parathyroid glands had been
preserved in situ or autotransplanted after that. We defined
the actual number of parathyroid glands as the number
of identified parathyroid glands in the condition of no
accidentally resected parathyroid glands in the surgical
specimens confirmed by pathological paraffin section
examination.

Data collection

All data were collected retrospectively, including (I)
Demographic data and basic information: age, sex, body
mass index (BMI), nodular goiter (NG), Hashimoto’s
disease (HD), hypertension, diabetes, hyperthyroidism,
hypothyroidism; (II) oncological data: tumor size,
multifocality, TNM stage, capsule invasion; (III)
Preoperative examination; (IV) the number of parathyroid
glands identified, autotransplanted, resected in the surgical
specimens was recorded in all cases. The levels of calcium
and PTH at long-term follow-up, the rates of hypocalcemia
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and hypoparathyroidism were primary endpoints. American
Joint Committee on Cancer (AJCC) staging (the 8th
edition) was applied for all PT'C patients (15,16).

Statistical analysis

If normally distributed, continuous variables were expressed
as mean = standard deviation and evaluated by the Student’s
t-test and/or analysis of variance; if not normally distributed,
variables were presented as median (interquartile range)
and compared by U-test. The i’ test or Fisher exact test was
used to evaluate the differences of incidences. Based on the
variables that were statistically significant or P value <0.10
in univariate analysis, multivariate analysis with logistic
regression was conducted to identify the independent
risk factors. The results of the multivariate analysis were
reported as odds ratio (OR) with 95% confidence interval
(CI). Two-sided P<0.05 was considered statistically
significant. All statistical analyses were performed using
IBM SPSS Statistics version 25.0 for Windows (IBM Corp.,
Armonk, NY).

Results
Patient characteristics

Of the 2,032 patients whose medical records were reviewed,
1,424 patients were included with an age of 41.4x11.6 years
(Figure 1). The characteristics of patients were presented
in Table 1. The duration of follow-up was 21.3x4.9 months,
with a range from 12 to 30 months, respectively. All patients
underwent total thyroidectomy with bilateral central neck
dissection. There were 1,042 (73.2%) women and 382
(26.8%) men. Among them, 340 (23.9%) complicated with
HD and 709 (49.8%) complicated with NG. The mean
size of the tumor was 14.1+8.9 mm and multifocality was
identified in 347 (24.4%) patients; 766 (53.8%) patients
were diagnosed with transient hypoparathyroidism and 21
(1.5%) were permanent.

Parathyroid glands identification and accidental resection

Three parathyroid glands were identified in 212 (14.9%)
patients and four parathyroid glands were identified in
1,212 (85.1%) patients. The final pathological examination
presented 94 (6.6%) cases with accidental resection of
parathyroid glands, in which 2 cases were resected 2
parathyroid glands respectively. After excluding the 94
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Figure 1 Flow chart of patients reviewed. PTC, papillary thyroid
carcinoma; LT, lobectomy; T'T, total thyroidectomy; UCND,
unilateral central neck dissection; BCND, bilateral central neck

dissection.

patients with accidently parathyroidectomy, 182 (13.7%)
patients were deemed to have actual 3 parathyroid glands
and 1,148 (86.3%) patients have 4. As seen in Table 2 and
Table 3, no significant difference was found in age, sex, BMI,
NG, tumor size, etc. However, higher rates of HD were
observed in patients with 3 identified parathyroid glands
compared with patients with 4 (33.5% wvs. 22.2%, P<0.001),
and similarly higher rates of HD were observed in patients
whose actual number of parathyroid glands was 3 compared
with whose number was 4 (35.2% vs. 22.1%, P<0.001).
Meanwhile, the incidence of unintentionally resected
parathyroid glands was 14.2% and 5.3% in patients with 3
and 4 identified parathyroid glands, respectively (P<0.001).

Comparisons between patients with 3 and 4 identified
parathyroid glands

We compared the incidence of transient and permanent
hypoparathyroidism, the serum PTH and calcium levels
before the operation and after 2-year follow-up according
to grouping by the number of parathyroid glands identified.
The details were given in Table 2. No significant difference
was found between these two groups in preoperative PTH
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Table 1 Demographics and baseline characteristics of the sample

Characteristics Values %
Age, years 41.4+11.6 -
Sex, male/female 382/1,042 26.8/73.2
BMI 23.1+3.9 -
NG 709 49.8
HD 340 23.9
Hypertension 117 8.2
Diabetes 45 3.2
Hypothyroidism 26 1.8
Hyperthyroidism 34 2.4
Tumor size (mm) 14.1+£8.9 -
Multifocality 347 24.4
Capsule invasion 586 41.2
TNM stage
Tx/T1/T2/T3/T4 8/756/92/501/66 6.0/53.1/6.5/35.2/4.6
Nx/NO/N1a/N1b 9/573/484/356 0.6/40.2/34.0/25.0
No. of identified 212/1212 14.9/85.1
PGs (3/4)
Accidental resection 94 6.6
No. of PGs after 182/1,148 13.7/86.3
excluding accidental
resection (3/4)
Hypoparathyroidism
Transient 766 53.8
Permanent 21 1.5

BMI, body mass index; HD, Hashimoto’s disease; NG, nodular
goiter; TNM, tumor node metastasis; No. of identified PGs,
number of identified parathyroid glands; No. of PGs, number of
parathyroid glands with no accidental resection.

(P=0.079) and calcium levels (P=0.188). These two groups
had comparable rates of transient (P=0.770) and permanent
hypoparathyroidism (P=1.000).

Compared to patients with 4 identified parathyroid
glands, those with 3 had lower levels of serum PTH
(pg/mL) at postoperative 1-month, 3-month and 6-month
(29.88+11.43 vs. 34.65+13.77, P<0.001; 32.85+£13.59 vs.
37.71£14.40, P=0.008 and 34.02+12.78 vs. 38.25£13.23,
P=0.015; respectively) (Figure 24). Although the difference
did not appear to be statistically significant, PTH
<14 pg/mL was more frequent in patients with 3 identified
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Table 2 Comparisons between patients with 3 and 4 identified parathyroid glands

Characteristics 3 identified parathyroid glands (N=212) 4 identified parathyroid glands (N=1,212) P value
Age, years 41.2+12.9 41.4+11.4 0.800
Sex (male) 59 323 0.721
BMI 23.0+3.5 23.1+4.0 0.676
NG 107 602 0.829
HD 71/212 (33.5%) 269/1,212 (22.2%) <0.001*
Hypertension 24 93 0.074
Diabetes 6 39 0.766
Hypothyroidism 4 22 1.000
Hyperthyroidism 7 27 0.345
Tumor size (mm) 14.3+£8.2 14.1£9.0 0.769
Multifocality 58 289 0.235
Capsule invasion 95 491 0.241
TNM stage
Tx/T1/T2/T3/T4 1/101/10/93/7 7/655/82/408/59 0.068
Nx/NO/N1a/N1b 1/69/85/57 8/504/399/299 0.065
Accidently resection 30/212 (14.2%) 64/1,212 (5.3%) <0.001*
Hypoparathyroidism
Transient 116/212 (54.7%) 650/1,212 (53.6%) 0.770
Permanent 3/212 (1.4%) 18/1,212 (1.5%) 1.000
PTH (pg/mL)
Preoperative 43.74+9.90 45.09+1.09 0.079
1-day 15.57+10.08 16.02+10.35 0.514
1-month 29.88+11.43 34.65+13.77 <0.001*
3-month 32.85+13.59 37.71+£14.40 0.008*
6-month 34.02+12.78 38.25+13.23 0.015*
12-month 35.91+£13.95 38.61+13.41 0.185
24-month 33.30+12.69 36.00+12.24 0.280
PTH <14 pg/mL
1-day 115 (54.5%) 647 (54.5%) 0.999
1-month 12 (6.5%) 45 (4.1%) 0.140
3-month 3 (4.3%) 16 (3.0%) 0.792
6-month 2 (3.0%) 13 (2.3%) 1.000
12-month 2 (3.8%) 7 (1.8%) 0.676
24-month 1(3.7%) 5(3.2%) 1.000

Table 2 (continued)

© Gland Surgery. All rights reserved.

Gland Surg 2021;10(1):10-22 | http://dx.doi.org/10.21037/gs-20-486



Gland Surgery, Vol 10, No 1 January 2021

Table 2 (continued)

15

Characteristics 3 identified parathyroid glands (N=212) 4 identified parathyroid glands (N=1,212) P value

Ca (mg/dL)
Preoperative 9.36+0.44 9.40+1.28 0.188
1-month 9.20+0.52 9.24+0.56 0.529
3-month 8.96+0.60 9.04+0.56 0.072
6-month 8.96+0.56 9.08+0.56 0.050
12-month 9.00+0.56 9.16+0.52 0.031*
24-month 9.04+0.60 9.08+0.56 0.778

Ca <8.5 mg/dL
1-month 13 (6.8%) 74 (6.6%) 0.936
3-month 23 (18.0%) 85 (10.6%) 0.016*
6-month 17 (14.3%) 53 (7.4%) 0.011*
12-month 12 (12.4%) 33 (6.4%) 0.040*
24-month 7 (13.2%) 17 (8.1%) 0.375

*, significantly statistical differences. BMI, body mass index; HD, Hashimoto’s disease; NG, nodular goiter; TNM, tumor node metastasis;

PTH, parathyroid hormone; Ca, calcium.

parathyroid glands during 2-year follow-up.

As for serum calcium (mg/dL), lower levels were
observed in patients with 3 identified parathyroid glands at
postoperative 12-month (9.00£0.56 vs. 9.16+0.52, P=0.031).
Meanwhile, hypocalcemia was incrementally more
common in patients with 3 identified parathyroid glands at
postoperative 3-month, 6-month and 12-month (18.0% uvs.
10.6%, P=0.016; 14.3% vs. 7.4%, P=0.011; 12.4% vs. 6.4%,
P=0.040; respectively).

Comparisons between patients with 3 and 4 parathyroid
glands with no accidently resection

The comparisons of patients with 3 and 4 parathyroid
glands with no accidently resection were summarized
in Table 3. Though preoperative calcium levels did not
differ between these two groups (P=0.175), lower levels of
preoperative PTH (pg/mL) were observed in patients with
3 parathyroid glands versus patients with 4 (43.29£9.90 vs.
45.00+9.81, P=0.034). The rates of transient (P=0.770) and
permanent (P=1.000) hypoparathyroidism were comparable
in these two groups.

Compared to patients with 4 parathyroid glands,
those with 3 were highly correlated with lower levels of
serum PTH (pg/mL) at postoperative 1-month, 3-month

© Gland Surgery. All rights reserved.

and 6-month (29.43+11.16 vs. 34.83+13.86, P<0.001;
32.76+13.05 vs. 37.89+14.40, P=0.009; 33.66+12.51 vs.
38.43+13.23, P=0.009; respectively) (Figure 2B).

As for the serum calcium, compared to patients with 4
parathyroid glands identified, higher rates of hypocalcemia
at postoperative 3-month (16.5% vs. 10.1%, P=0.038)
were observed in patients with 3 parathyroid glands. There
was a trend to higher incidence of PTH <14 pg/mL and
hypocalcemia during 2-year follow-up in patients with 3
parathyroid glands, though it did not differ significantly.

Comparisons in patients with 3 identified parathyroid
glands

Of 212 patients with 3 identified parathyroid glands,
autotransplantation of more than one parathyroid gland
was performed in 138, with a mean number of 1.17+0.417
parathyroid glands, and parathyroid glands of the other
74 patients were all preserved in situ. Significantly lower
levels of PTH (14.22+9.54 vs. 17.91+10.80, P=0.011)
and higher rates of PTH <14 pg/mL (63.5% wvs. 37.8%,
P<0.001) at postoperative 1-day, higher rates of transient
hypoparathyroidism within 6 months (63.0% vs. 39.2%,
P=0.001) were observed in the autotransplanted group
compared with non-autotransplanted group (Tuable 4).

Gland Surg 2021;10(1):10-22 | http://dx.doi.org/10.21037/gs-20-486



16

Xing et al. Surgical strategy for parathyroid glands

Table 3 Comparisons between patients with 3 and 4 parathyroid glands with no accidental resection

Characteristics 3 parathyroid glands (N=182) 4 parathyroid glands (N=1,148) P
Age, years 41.01+£12.35 41.39+11.41 0.677
Sex (male) 50 303 0.759
BMI 23.00+3.55 23.16+3.99 0.580
NG 93 577 0.834
HD 64/182 (35.2%) 254/1,148 (22.1%) <0.001*
Hypertension 21 83 0.044~
Diabetes 4 36 0.491
Hypothyroidism 3 21 0.865
Hyperthyroidism 5 24 0.772
Tumor size (mm) 13.80+7.60 14.09+9.05 0.698
Multifocality 51 278 0.251
Capsule invasion 84 464 0.144
TNM stage
Tx/T1/T2/T3/T4 1/91/7/78/5 7/624/75/392/49 0.155
Nx/NO/N1a/N1b 1/62/69/50 8/477/387/275 0.281
Hypoparathyroidism
Transient 96/182 (52.7%) 602/1,148 (52.4%) 0.938
Permanent 3/182 (1.6%) 17/1,148 (1.5%) 1.000
PTH (pg/mL)
Preoperative 43.29+9.90 45.00+9.81 0.034*
1-day 15.57+9.72 16.20+10.35 0.439
1-month 29.43+11.16 34.83+13.86 <0.001*
3-month 32.76+13.05 37.89+14.40 0.009*
6-month 33.66+12.51 38.43+13.23 0.009*
12-month 35.64+14.31 38.61+13.50 0.164
24-month 32.49+11.61 35.91+12.24 0.217
PTH <14 pg/mL
1-day 95 (52.5%) 599 (53.3%) 0.831
1-month 10 (6.4%) 43 (4.1%) 0.199
3-month 3 (5.1%) 15 (2.9%) 0.614
6-month 2 (3.8%) 12 (2.3%) 1.000
12-month 2 (4.3%) 7 (1.9%) 0.592
24-month 1(4.5%) 5(3.2%) 1.000
Ca (mg/dL)
Preoperative 9.32+0.44 9.40+1.32 0.175

Table 3 (continued)

© Gland Surgery. All rights reserved.
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Characteristics 3 parathyroid glands (N=182) 4 parathyroid glands (N=1,148) P
1-month 9.24+0.52 9.28+0.52 0.516
3-month 8.96+0.60 9.08+0.56 0.092
6-month 2.25+0.14 9.08+0.56 0.100
12-month 2.26+0.13 9.12+0.52 0.099
24-month 9.16+0.48 9.08+0.56 0.322
Ca <8.5 mg/dL
1-month 10 (6.2%) 62 (5.9%) 0.872
3-month 18 (16.5%) 77 (10.1%) 0.045*
6-month 12 (11.8%) 48 (7.0%) 0.094
12-month 9 (10.6%) 30 (6.1%) 0.128
24-month 4(9.3%) 16 (7.8%) 0.977

*, significantly statistical differences. BMI, body mass index; HD, Hashimoto’s disease; NG, nodular goiter; TNM, tumor node metastasis;

PTH, parathyroid hormone; Ca, calcium.
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Figure 2 Trend of PTH levels. (A) PTH levels of patients with 3
and 4 identified parathyroid glands. (B) PTH levels of patients with
no accidental parathyroidectomy. PTH, parathyroid hormone.

© Gland Surgery. All rights reserved.

Although the incidence of permanent hypoparathyroidism
did not reach statistical difference between these two
groups, the levels of PTH (pg/mL) at postoperative
12-month in patients underwent autotransplantation
were significantly lower than patients underwent no
autotransplantation (32.85+11.70 vs. 42.03+17.01, P=0.026).

Risk factors for bypoparathyroidism

Number of identified parathyroid glands, autotransplantation,
accidental resection, sex, age, HD, NG, hypothyroidism,
hyperthyroidism tumor size, multifocality, capsule invasion,
preoperative calcium and PTH, TNM stage were included
in univariate and multivariate analyses. Multivariate analysis
found autotransplantation (OR, 2.047; 95% CI, 1.557-
2.764; P<0.001), accidental resection (OR, 2.379; 95% CI,
1.480-3.824; P<0.001), HD (OR, 1.436; 95% CI, 1.113-
1.852; P=0.005) to be independent risk factors of transient
hypoparathyroidism, while three identified parathyroid
glands (OR, 1.134; 95% CI, 0.830-1.549; P=0.430) was not.
No dependent risk factor of permanent hypoparathyroidism
was found.

Discussion

Hypocalcemia after total thyroidectomy is caused by a
decrease in circulating PTH, which is result from a reduction
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Characteristics In situ preservation (N=74) Autotransplantation (N=138) P
Age, years 41.65+12.85 40.73+12.90 0.622
Sex (male) 19 40 0.608
BMI 22.48+3.30 23.30+3.63 0.109
NG 39 67 0.666
HD 22 48 0.540
Hypertension 8 16 0.864
Diabetes 1 5 0.606
Hypothyroidism 2 2 0.912
Hyperthyroidism 3 4 0.654
Tumor size (mm) 14.86+9.03 14.06+7.84 0.513
Multifocality 17 41 0.302
Capsule invasion 34 60 0.730
TNM stage
Tx/t1/t2/t3/t4 0/36/3/34/1 1/65/8/59/5 0.889
Nx/NO/n1a/n1b 0/26/34/14 1/43/52/42 0.232
Hypoparathyroidism
Transient 29/74 (39.2%) 87/138 (63.0%) 0.001*
Permanent 2/74 (2.7%) 1/138 (0.7 %) 0.581
PTH (pg/mL)
Preoperative 42.03+10.17 44.55+9.72* 0.079
1-day 17.91+10.80 14.22+9.54 0.011*
1-month 31.59+12.15 29.07+11.07 0.162
3-month 37.62+16.20 31.59+12.15 0.103
6-month 34.02+14.67 33.66+12.24 0.917
12-month 42.03+17.01 32.85+11.70* 0.026*
24-month 29.79+18.09 34.29+11.07 0.457
PTH <14 pg/mL
1-day 28 (37.8%) 87 (63.5%) <0.001*
1-month 3 (4.9%) 9 (7.3%) 0.762
3-month 1(5.6%) 1(2.0%) 1.000
6-month 1(5.3%) 0 (0%) 0.637
12-month 1(5.9%) 1(2.8%) 1.000
24-month 1(16.7%) 0 (0%) 0.496
Ca (mg/dL)
Preoperative 9.40+0.44 9.32+0.44 0.264
Table 4 (continued)
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Table 4 (continued)

Characteristics In situ preservation (N=74) Autotransplantation (N=138) P
1-month 9.36+0.48 9.16+0.52 0.004~
3-month 8.96+0.68 8.92+0.56 0.763
6-month 8.92+0.68 9.04+0.72 0.258
12-month 9.00+0.52 9.00+0.60 0.988
24-month 9.16+0.84 8.96+0.48 0.313

Ca 8.5 mg/dL
1-month 3 (4.5%) 10 (8.0%) 0.549
3-month 8 (19.5%) 15 (17.4%) 0.777
6-month 8 (21.1%) 9 (11.3%) 0.157
12-month 3(9.7%) 9 (13.8%) 0.805
24-month 2 (11.1%) 5(14.3%) 1.000

*, significantly statistical differences; *, the difference of PTH levels between preoperative and postoperative 12-month in patients with
autotransplantation reached statistical significance. BMI, body mass index; HD, Hashimoto’s disease; NG, nodular goiter; TNM, tumor

node metastasis; PTH, parathyroid hormone; Ca, calcium.

of parathyroid parenchyma function (17,18). Some studies
have reported that the fewer identified parathyroid glands at
operation, the higher the risk of postoperative hypocalcemia
and permanent hypoparathyroidism, which may result
from accidental parathyroidectomy (2,19,20). This was not
completely consistent with our results. Our present study
demonstrated no correlation between 3 identified parathyroid
glands and transient or permanent hypoparathyroidism.
Due to potential disturbance of prophylactically calcium
supplementation after operation, calcium levels at
postoperative 1-day was not conducted. However, the levels
of PTH and calcium were nearly lower and hypocalcemia
trend was higher in patients with 3 identified parathyroid
glands compared with patients with 4 at all follow-up stages,
and some of them reached statistical difference.

The results of our study suggested that this was not
totally due to accidental parathyroid glands resection,
and our opinion was supported by some studies which
revealed no correlation between inadvertent parathyroid
resection and permanent hypoparathyroidism (21). Because
we reached similar results after excluding patients with
accidental parathyroid resection that the function recovery
based on PTH and calcium levels in patients with 3
parathyroid glands was poorer. However, we could not deny
the influence of accidental parathyroid resection because
it is always reported to add a further risk of postoperative
transient and permanent hypoparathyroidism (17,22,23).

© Gland Surgery. All rights reserved.

We hold the opinion that the parathyroid glands function
of patients with 3 glands was weaker than patients with 4
essentially, which was proved by lower preoperative PTH
levels in patients with 3 parathyroid glands. Meanwhile, the
results of the present study suggested that the incidence of
accidental parathyroid resection was only 14.3% in patients
with 3 identified parathyroid glands intraoperatively,
and other 85.7% patients own three parathyroid glands
originally. Therefore, surgeons should be more cautious
when only 3 parathyroid glands were identified during
operation. However, some experts have suggested that
parathyroid gland identification had no influence on rates
of hypocalcemia or even that identification might have an
adverse effect (24-28). Some experts recommended that
nano-carbon negative parathyroid development technology
could help identify and protect parathyroid glands during
surgery and could reduce the incidence of postoperative
hypoparathyroidism (29).

As reported in the previous studies, autotransplantation
of parathyroid gland did not affect the incidence of
permanent hypoparathyroidism, but increased the
risk of transient hypoparathyroidism (30), which was
consistent with the results of this present study. A study
included 1,196 patients demonstrated that the incidence
of permanent hypoparathyroidism was 0.98%, 0.77%,
0.97% and 0% in patients with 0, 1, 2, 3 parathyroid
glands autotransplanted respectively, suggesting no

Gland Surg 2021;10(1):10-22 | http://dx.doi.org/10.21037/gs-20-486



20

significant difference (31). Some authors believed that
autotransplantation may be the best strategy to prevent
permanent hypoparathyroidism despite an increase of
short-term hypocalcemia (31-33). In our study, the PTH
levels were always lower in patients with parathyroid
glands autotransplanted compared with all preserved iz situ
during postoperative follow-up, and the difference reached
statistical significance at postoperative 12-month. Only
at 24-month follow-up did the opposite result occur,
which might be due to relative more patients lost follow-
up at 24-month. What’s more, preoperative PTH levels
and postoperative 12-month PTH levels were similar
in patients whose parathyroid glands were preserved all
in situ, while it was lower at postoperative 12-month
than preoperative in patients with autotransplantation.
This indicated that parathyroid function was not fully
restored to the preoperative level in patients with
autotransplantation. Scholars from Japan reported the
overall incidence of permanent hypoparathyroidism in the
preservation group and the autotransplantation group was
0% and 21.4% respectively, and the mean levels of PTH
recovered to 102% in the preservation group but only
50% in the autotransplantation group of the preoperative
levels at 5-year follow up (34). Su et a/. demonstrated
that in situ preservation of less than 2 parathyroid
glands was a significant variable favoring permanent
hypoparathyroidism (30). The results of the present study
supported that parathyroid glands should be preserved
in situ whenever possible to promote better recovery of
postoperative function, especially for patients with fewer
identified parathyroid glands.

There are some limitations in the present study. First,
the data was retrieved retrospectively which might leaded
to some bias. Second, there might be some missing
description inevitably in the surgical records resulting in
higher incidence of 4 parathyroid glands identification
due to the doubt situation might be recorded as “all 4
glands were identified”. Third, although all the specimens
removed would be systematically dissected in case of intra-
thyroid parathyroid glands being unintentionally resected,
possibility of unidentified or ectopic parathyroid were
still present. The other limitation is the short follow-up
time, resulting in the inability to observe more than 2-year

parathyroid function.

Conclusions

The parathyroid glands function was weaker in patients with

© Gland Surgery. All rights reserved.
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3 glands than patients with 4 before and after operation.
Parathyroid glands should be tried to be preserved in situ
to promote better recovery of postoperative function,
especially for patients with three identified parathyroid
glands.
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