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Introduction

Hypocalcaemia after thyroidectomy is the most common 
complication (1). The median incidence of postoperative 
transient and permanent hypocalcaemia reported by 
a review ranges from 19% to 38% and 0% to 3%, 

respectively (2). Transient hypocalcaemia can fully recover 
within one year, while permanent hypocalcaemia means an 
impaired quality of life, lifetime medication and substantial 
costs (3). Permanent hypocalcaemia is also associated with 
an increased morbidity and mortality (4,5).

Post-thyroidectomy hypocalcaemia is mostly caused by 

Original Article

Recovery of severely damaged parathyroid function after total 
thyroidectomy for thyroid cancer

Liping Zhang1#, Jianhua Diao2#, Hui Lu1, Qingqing Ding3, Jun Jiang1

1Department of General Surgery, the First Affiliated Hospital of Nanjing Medical University, Nanjing, China; 2Department of General Surgery, 

Nanjing Qixia District Hospital, Nanjing, China; 3Department of Geriatric Oncology, the First Affiliated Hospital, Nanjing Medical University, 

Nanjing, China

Contributions: (I) Conception and design: J Jiang, Q Ding; (II) Administrative support: J Jiang; (III) Provision of study materials or patients: L Zhang, 

J Jiang; (IV) Collection and assembly of data: J Jiang, J Diao; (V) Data analysis and interpretation: J Diao; (VI) Manuscript writing: All authors; (VII) 

Final approval of manuscript: All authors.
#These authors contributed equally to this work.

Correspondence to: Jun Jiang, MD, PhD. Department of General Surgery, the First Affiliated Hospital of Nanjing Medical University, No. 300 

Guangzhou Road, Nanjing 210029, China. Email: junjiang@njmu.edu.cn; Qingqing Ding, MD, PhD. Department of Geriatric Oncology, The First 

Affiliated Hospital of Nanjing Medical University. No. 300 Guangzhou Road, Nanjing 210029, China. Email: dingqingqing@jsph.org.cn.

Background: An extremely low parathyroid hormone (PTH) concentration after thyroidectomy may 
reflect the immediate severely damaged parathyroid function. The current study aimed to examine time-
related changes of severely damaged parathyroid function on postoperative day 1 (SDPF-D1), which was 
here defined as serum PTH ≤1 pg/mL, and the risk factors of SDPF-D1.
Methods: This is a retrospective review of patients with thyroid cancer undergoing total thyroidectomy 
with or without central neck dissection (CND). The number of parathyroids preserved in situ, 
autotransplanted, or found in the final pathology was recorded and the corresponding parathyroid glands 
remaining in situ (PGRIS) score (PGRIS = 4 − parathyroids autotransplanted-parathyroids found in the 
final pathology) was calculated. Chronological changes of serum levels of PTH and total calcium were 
investigated for at least one year after surgery.
Results: One hundred and twenty-two of 344 patients included for analysis suffered from SDPF-D1. 
Patients with SDPF-D1 had a prolonged recovery in comparison with hypoparathyroidism patients without 
SDPF-D1, who fully recovered within 6 months after thyroidectomy. The PGRIS score in patients with 
permanent hypoparathyroidism was significantly lower than other patients with SDPF-D1who fully 
recovered. 
Conclusions: Most patients with SDPF-D1 could fully recover within one year after total thyroidectomy. 
Less parathyroids removed and autotransplanted contributed to a quick recovery of SDPF-D1.

Keywords: Hypoparathyroidism; parathyroidectomy; parathyroid function; thyroid cancer; total thyroidectomy

Submitted Jun 06, 2020. Accepted for publication Sep 30, 2020.

doi: 10.21037/gs-20-548

View this article at: http://dx.doi.org/10.21037/gs-20-548

121

https://crossmark.crossref.org/dialog/?doi=10.21037/gs-20-548


113Gland Surgery, Vol 10, No 1 January 2021

© Gland Surgery. All rights reserved.   Gland Surg 2021;10(1):112-121 | http://dx.doi.org/10.21037/gs-20-548

surgical hypoparathyroidism, i.e., insufficient circulating 
parathyroid hormone (PTH) levels (1). Injured parathyroid 
function is due to reduced functional parathyroid 
parenchyma resulting from disruption of parathyroid blood 
supply, direct injury, or inadvertent parathyroidectomy (3,6).

Serum PTH measurements were used to predict post-
thyroidectomy hypoparathyroidism or hypocalcaemia (7,8). 
The extent of serum PTH decline may be proportional to 
the degree of parathyroid gland (PTG) damage at the time 
points of PTH measurements. It is reasonable to assume 
that an extremely low or even undetectable PTH level after 
thyroidectomy may reflect the immediate severely damaged 
parathyroid function (SDPF) and may be able to predict a 
high risk of transient or permanent hypoparathyroidism. 
However, post-thyroidectomy recovery of extremely low 
PTH has not been completely defined.

Here we examined the recovery of severely damaged 
parathyroid function on postoperative day 1 (SDPF-D1). 
We also looked for possible factors influencing the 
recovery of SDPF-D1. We present the following article in 
accordance with the STROBE reporting checklist (available 
at http://dx.doi.org/10.21037/gs-20-548).

Methods

This is a retrospective review of patients with thyroid 
cancer confirmed by the final pathology from January 2017 
to May 2019. All included patients underwent primary total 
thyroidectomy with or without prophylactic/therapeutic 
central neck dissection (CND). Those diagnosed with 
follicular thyroid carcinoma before and during surgery did 
not undergo prophylactic CND. Therapeutic lateral neck 
dissection was performed as clinically indicated. Exclusion 
criteria were preoperative hypocalcaemia, benign thyroid 
nodules, parathyroid disease, and a history of thyroidectomy 
or parathyroidectomy. All operations were performed by an 
experienced surgeon (H.L.) with a volume of more than 800 
thyroidectomies per year.

The number of PTGs autotransplanted and found 
in the final pathology was recorded. We just recorded 
the number of PTGs “encountered” and preserved  
in situ during operation and did not deliberately expose 
all possible PTGs to avoid damage to the blood supply of 
PTGs. The Parathyroid Glands Remaining In Situ (PGRIS) 
score, which was introduced by Lorente-Poch et al. (9), 
was calculated using the formula: PGRIS = 4 – glands 
autotransplanted-lands found in the final pathology.

Total serum calcium and intact PTH levels were 

measured before surgery and on postoperative day 1 (POD 
1) during hospitalization. The intact PTH assay was 
done by chemiluminescence immunoassay on DXI 800 
Immunoassay System (Beckman Coulter, USA) (normal 
range 12–88 pg/mL). The limit of detection and limit 
of blank of PTH assay are both 1 pg/mL. The limit of 
quantification and functional sensitivity are both <4 pg/mL.  
The measurement of PTH concentration >1 pg/mL was 
achieved by the Regular Mode, while the measurement 
of PTH concentration <1 pg/mL was achieved through 
the equation derived from the relationship between the 
relative light unit and standard analyte concentration by 
the Intraoperative Mode on the DXI 800 Immunoassay 
System. However, these measurement results of serum 
PTH concentrations <1 pg/mL in the Intraoperative Mode 
were imprecise and not repeatable. Thyroid surgeons in 
our hospital would carefully interpret these results based on 
actual clinical scenarios. Total serum calcium was measured 
on the AU5800 analyzer (Beckman Coulter, USA) (normal 
range 2.20–2.65 mmol/L). Albumin corrected total calcium 
was not investigated because serum albumin was not 
routinely measured during follow-up. Calcium carbonate 
and calcitriol were started if PTH <12 pg/mL on POD 
1. Patients with hypoparathyroidism came to the clinic at  
2 months after discharge and then were instructed to receive 
regular follow-up every 2–3 months in the first year after 
surgery if needed. A calcium supplementation regimen was 
adjusted accordingly to prevent hypocalcaemia associated 
symptoms at every clinical visit. Patients were followed for 
at least 12 months.

Post-thyroidectomy hypoparathyroidism was defined 
as serum PTH value <12 pg/mL including undetectable 
level, irrespective of serum level of total serum calcium. 
SDPF was defined as serum PTH value ≤1 pg/mL based on 
our experience and the laboratory’s suggestion. Protracted 
hypoparathyroidism in the current study was defined as 
PTH level <12 pg/mL at 2 months after thyroidectomy 
regardless of hypocalcemia-related symptoms or the need 
of calcium supplements. Permanent hypoparathyroidism 
was defined as serum PTH level <12 pg/mL and/or need 
for calcium/vitamin D replacement 12 months after 
thyroidectomy.

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013).The study 
protocol was approved by the Ethics Committee of the first 
affiliated hospital of Nanjing Medical University (number 
of ethical approval: 2018-SR-209). Informed consent from 
patients was not needed because this was a retrospective 
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Figure 1 Flow chart of patients screened and included with 1 year after total thyroidectomy. Three hundred and forty-four out of 949 
patients were finally included for analysis. PTH, parathyroid hormone.

research and all data about personal identifiers were kept 
confidential.

Statistical analysis

Patients who were lost to follow-up were not included 
in the final analyses. No formal sample size calculation 
was performed for this observational study. Continuous 
data are presented as mean ± standard deviation or the 
median with interquartile ranges dependent on whether 
the data were normally distributed or not (D’Agostino & 
Pearson omnibus normality test). Clinical parameters were 
compared using Student’s t-test or Mann Whitney U test 
for continuous data and using the chi-square test or Fisher’s 
exact test for categorical variables. The percent recovery 
of parathyroid function was analyzed using Kaplan-Meier 
survival curves and compared between groups using the 
Log-rank (Mantel-Cox) Test (GraphPad Prism 5). P values 
<0.05 were considered statistically significant.

Results

A total of 949 patients underwent a primary total 
thyroidectomy due to thyroid cancer during the study 
interval. Three hundred and sixty-five of 949 (38.5%) 
patients suffered from hypoparathyroidism, of which 344 
patients were included in the final analysis of this study 
after excluding those who were lost to follow-up. There 
were 25 patients with follicular thyroid carcinoma, 1 with 
medullary thyroid cancer and 318 with papillary thyroid 
carcinoma. One hundred and twenty-two patients suffered 
from SDPF-D1, of which 39 patients had an undetectable 
PTH (Figure 1).

Recovery of SDPF-D1 during the following 12 months 
after thyroidectomy

Figure 2 shows that 39 patients with undetectable PTH 
recovered more slowly than other patients with SDPF-D1 
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(Log-rank Test, P=0.0379). Only about 20.5% (8/39) 
patients with undetectable PTH and 55.4% (46/83) patients 
with 0< PTH ≤1 pg/mL on POD 1 fully recovered in  
2 months after operation. Seven patients with undetectable 
PTH and 4 patients with 0< PTH ≤1 pg/mL on POD 
1developed permanent hypoparathyroidism 1 year after 

thyroidectomy.
Figure 3 shows that about 44.3% (54/122) patients with 

SDPF-D1 and 85.1% (189/222) patients with 1˂ PTH 
˂12 pg/mL on POD 1 fully recovered in 2 months after 
operation. All 222 hypoparathyroidism patients with PTH 
>1 pg/mL returned to the normal parathyroid function 
within 6 months after thyroidectomy and recovered 
relatively rapidly in comparison with those with SDPF-D1 
(Log-rank Test, P<0.0001).

Clinical factors influencing the recovery of patients with 
SDPF-D1

Table 1 shows that there were no statistical difference 
b e t w e e n  1 1  p a t i e n t s  d e v e l o p i n g  p e r m a n e n t 
hypoparathyroidism and 111 patients with SDPF-D1 who 
fully recovered with respect to age (P=0.2525), gender 
(P=0.0812), surgical extent (P>0.05), preoperative serum 
levels of PTH (P=0.0962) and total calcium (P=0.1458), 
and number of PTGs autotransplanted (P=0.6059). 
S ign i f i cant ly  more  inc identa l l y  removed  PTGs 
(P=0.0001) and less PTGs preserved in situ (P=0.0009) 
were found in patients with permanent parathyroidism 
than those fully recovered. Accordingly, the PGRIS 
score in patients with permanent parathyroidism was 
significantly lower than those fully recovered from 
SDPF-D1 (P=0.0128).

Clinical factors affecting the development of SDPF on 
POD 1

Table 2 shows that no statistically significant difference 
was detected with respect to age (P=0.4564), gender 
(P=0.5599), preoperative serum calcium (P=0.3201), 
number of PTGs preserved  in situ (P=0.4715) and 
postoperative serum calcium level on POD 1 (P=0.3201) 
and 2 months (P=0.0703) after surgery between patients 
with SDPF-D1 and patients with 1< PTH <12 pg/mL 
on POD 1. Significantly increased the risk of SDPF-D1 
were total thyroidectomy with bilateral CND (P=0.0063), 
relatively low preoperative PTH (P=0.0027), PTGs 
autotransplantation (P<0.0001), and low PGRIS score 
(P<0.0001). Significantly less PTGs accidentally removed 
was detected in patients with SDPF-D1 (P<0.0001). 
Protracted hypoparathyroidism at 2 months (P<0.0001) and 
permanent hypoparathyroidism (P<0.0001) were both more 
common in patients with SDPF-D1 than patients with 1< 
PTH <12 pg/mL on POD 1.
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Figure 2 Chronological changes of severely damaged parathyroid 
function on POD 1. Thirty-nine patients with undetectable PTH  
(0 pg/mL, gray line) on POD 1recovered more slowly than 83 
patients with 0< PTH ≤1 (dotted line) pg/mL on POD 1 during 
a 12-month follow-up (Log-rank Test, P=0.0379). POD 1, 
postoperative day 1; PTH, parathyroid hormone.

Figure 3 Chronological changes of 344 hypoparathyroidism 
patients. All 222 patients with 1< PTH <12 pg/mL (dotted 
line) on POD 1 fully recovered at 6 months after surgery 
and recovered relatively rapidly in comparison with 122 
patients with PTH ≤1 pg/mL (gray line) on POD 1(Log-
rank Test, P<0.0001). About 111 out of 122 patients with 
PTH ≤1 pg/mL on POD 1 gradually fully recovered with  
12 months after surgery. POD 1, postoperative day 1; PTH, 
parathyroid hormone.
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Table 1 Clinical characteristics of patients who did or did not fully recover from severely damaged parathyroid function on postoperative day 1

Characteristic 
Severely damaged parathyroid function on postoperative day 1 (n=122)

P
Permanent hypoparathyroidism (n=11) Recovered (n=111)

Age (years) 40 [29–50] 46 [37–55] 0.2525†

Female (n, %) 7 (63.64%) 95 (85.59%) 0.0812‡

Total thyroidectomy (n, %) 1 (9.09%) 4 (3.6%) 0.3817‡

Total thyroidectomy with unilateral CND (n, %) 6 (54.55%) 86 (77.48%) 0.1361‡

With uni-LND 0 12 1‡

With bi-LND 0 0 Not applicable

Total thyroidectomy with bilateral CND (n, %) 4 (36.36%) 21 (18.92%) 0.2335‡

With uni-LND 3 4 0.0526‡

With bi-LND 0 4 1‡

Preoperative PTH (pg/mL) 35.7 (29.60–38.40) 40.9 (32.68–54.53) 0.0962†

Preoperative serum calcium (mmol/L) 2.312±0.07613 2.265±0.1039 0.1458

Parathyroid autotransplanted 0 [0–1] 0 [0–1] 0.6059†

Parathyroid incidentally removed 0 [0–1] 0 [0–0] 0.0001†

Parathyroid preserved in situ 2 [1–2] 2 [2–4] 0.0009†

PGRIS score 3 [3–3] 4 [3–4] 0.0128†

Postoperative PTH (pg/mL)

Postoperative 1 day 0 [0–2] 0.4 (0–0.7) 0.0046†

Postoperative 2 months 3 (1.5–4) 11 (8–18.7) <0.0001†

Postoperative serum calcium (mmol/L)

Postoperative 1 day 2.07±0.12 2.06±0.13 0.8857§

Postoperative 2 months 2.02 (1.9–2.17) 2.16 (2–2.3) 0.0928†

Normal distribution of the data was determined using the De Agostino-Pearson omnibus normality test. Continuous data are presented 
as mean ± standard deviation or the median with interquartile ranges. †, determined using the Mann Whitney test; ‡, determined using 
the Fisher’s exact test; §, determined using Unpaired t-test. CND, central neck dissection; LND, lateral neck dissection; PTH, parathyroid 
hormone; PGRIS, parathyroid glands remaining in situ.

Clinical factors contributing to the development of SDPF 
with undetectable PTH on POD 1

In comparing patients with undetectable PTH and with 
0< PTH ≤1 pg/mL on POD 1, Table 3 shows that no 
statistically significant difference was detected with respect 
to age (P=0.2208), gender (P=0.3995), preoperative PTH 
(P=0.059) and serum calcium (P=0.3562), and postoperative 
serum calcium (P>0.05). Total thyroidectomy with bilateral 
CND (P=0.0039), PTG autotransplantation (P=0.0021), 
accidental PTG removal (P<0.0001), less PTGs remained 
in situ (P=0.031) and low PGRIS score (P<0.0001) were 
associated with SDPF-D1 with undetectable PTH. Patients 

with undetectable PTH on POD 1 were more likely 
to develop protracted hypoparathyroidism (P=0.0003) 
with a lower PTH value (P=0.0001) and permanent 
hypoparathyroidism (P=0.0362) than other patients with 
SDPF-D1. The sensitivity, specificity, positive predictive 
values, and negative predictive values of undetectable PTH 
on POD 1 in predicting permanent hypoparathyroidism 
were 18.0%, 98.7%, 63.6% and 90.4%, respectively. A 
PTH value ≤1 pg/mL (SDPF) on POD 1 had a sensitivity 
of 9.0%, a specificity of 100%, a positive predictive value of 
100%, and a negative predictive value of 66.7% to predict 
permanent hypoparathyroidism.
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Table 2 Clinical characteristics of hypoparathyroidism patients with or without severely damaged parathyroid function on postoperative day 1

Characteristic 
Hypoparathyroidism on postoperative day 1 (n=344)

P
PTH ≤1 (pg/mL) (n=122) 1˂ PTH ˂12 (pg/mL) (n=222)

Age (years) 46 (36.75–54.25) 46 (37.75–55) 0.4564†

Female (n, %) 102, 83.6% 180, 81.1% 0.5599‡

Total thyroidectomy (n, %) 5, 4.1% 17, 7.7% 0.2521§

Total thyroidectomy with unilateral CND (n, %) 92, 75.4% 183, 82.4% 0.1197‡

With uni-LND 12, 13.0% 30, 16.4% 0.4662‡

With bi-LND 0 0

Total thyroidectomy with bilateral CND (n, %) 25, 20.5% 22, 9.9% 0.0063‡

With uni-LND 7, 5.7% 8, 3.6% 0.5394‡

With bi-LND 3, 2.5% 2, 0.9% 1§

Preoperative PTH (pg/mL) 40.2 (32.3–53.4) 46.85 (35.53–60.93) 0.0027†

Preoperative serum calcium (mmol/L) 2.27 (2.2–2.33) 2.25 (2.18–2.34) 0.3201†

Parathyroid autotransplanted 0 [0–1] 0 [0–0] <0.0001†

Parathyroid incidentally removed 0 [0–0] 0 (0–0.25) <0.0001†

Parathyroid preserved in situ 2 [2–3] 2 [2–3] 0.4715†

PGRIS score 3 [3–4] 4 [4–4] <0.0001†

Postoperative PTH (pg/mL)

Postoperative 1 day 0.3 (0–0.7) 3.95 (2.168–7.500)

Postoperative 2 months 10.4 (7–16.65) 22.45 (14.95–33) <0.0001†

Postoperative serum calcium (mmol/L)

Postoperative 1 day 2.01 (1.98–2.15) 2.07 (1.98–2.15) 0.3201†

Postoperative 2 months 2.15 (1.99–2.29) 2.19 (2.04–2.3) 0.0703†

Permanent hypoparathyroidism (n, %) 11, 9.016% 0 <0.0001§

PTH, parathyroid hormone; CND, central neck dissection; LND, lateral neck dissection; PGRIS, parathyroid glands remaining in situ. 
Normal distribution of the data was determined using the De Agostino-Pearson omnibus normality test. Continuous data are presented 
as the median with interquartile ranges. †, determined using the Mann Whitney test; ‡, determined using the Chi-square test; §, determined 
using the Fisher’s exact test.

Discussion

The current study indicated that though patients with 
SDPF-D1, especially those with undetectable PTH, had 
a high risk of prolonged recovery of parathyroid function, 
most of them (91%) still had a chance to fully recover 
within one year after total thyroidectomy.

Our results found that patients with undetectable PTH 
were more likely to develop protracted hypoparathyroidism 
at 2 months after surgery. However, most patients (82%) 
with undetectable PTH on POD 1 still dramatically fully 

recovered 1 year after surgery. A plausible explanation is 
that SDPF with or without undetectable PTH is some kind 
of “parathyroid shock” or stunning due to injured blood 
supply to PTG and/or the short half-life of PTH (10).  
Most parathyroid shock seemed to be reversible or 
corrected by compensatory hyperplasia of parathyroid 
parenchyma and/or recovery of the blood flow to PTGs 
(such as vasospasm, opening of preexisting collateral blood 
vessels or angiogenesis). The power of undetectable PTH 
on POD 1 to predict permanent hypoparathyroidism is 
limited in our study. The detection limit of serum intact 
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Table 3 Clinical characteristics of patients with severely damaged parathyroid function

Characteristic 
Severely damaged parathyroid function on postoperative day 1 (n=122)

P
PTH = 0 (pg/mL) (n=39) 0˂ PTH ≤1 (pg/mL) (n=83)

Age (years) 47.03±12.01 44.28±11.26 0.2208†

Female (n, %) 31, 79.5% 71, 85.5% 0.3995‡

Total thyroidectomy (n, %) 2, 5.1% 3, 3.6% 0.6543§

Total thyroidectomy with unilateral CND (n, %) 23, 58.9% 69, 83.1% 0.0039‡

With uni-LND 5 7 0.1666§

With bi-LND 0 0

Total thyroidectomy with bilateral CND (n, %) 14, 35.9% 11, 13.3% 0.0039‡

With uni-LND 3 4 0.6564§

With bi-LND 1 2 0.5648§

Preoperative PTH (pg/mL) 36.60 (32.30–42.90) 42.6 (32.43–57.45) 0.059¶

Preoperative serum calcium (mmol/L) 2.26±0.08 2.28±0.11 0.3562†

Parathyroid autotransplanted 1 [0–1] 0 [0–1] 0.0021¶

Parathyroid incidentally removed 1 [0–1] 0 [0–1] <0.0001¶

Parathyroid preserved in situ 2 [2–4] 2 [2–4] 0.031¶

PGRIS score 3 [3–4] 4 [3–4] <0.0001¶

Postoperative PTH (pg/mL)

Postoperative 1 day 0 0.6 (0.3–0.8) Not applicable

Postoperative 2 months 9 [5–11] 13 [8–21] 0.0001¶

Postoperative serum calcium (mmol/L)

Postoperative 1 day 2.07±0.13 2.06±0.13 0.6695†

Postoperative 2 months 2.1 (1.99–2.26) 2.16 (2.0–2.3) 0.4007¶

Permanent hypoparathyroidism (n, %) 7, 17.9% 4, 4.8% 0.0362§

PTH, parathyroid hormone; CND, central neck dissection; LND, lateral neck dissection; PGRIS, parathyroid glands remaining in situ. 
Normal distribution of the data was determined using the De Agostino-Pearson omnibus normality test. Continuous data are presented as 
mean ± standard deviation or the median with interquartile ranges. †, determined using unpaired t-test; ‡, determined using the Chi-square 
test; §, determined using the Fisher’s exact test; ¶, determined using the Mann Whitney test.

PTH varies among laboratories due to different measuring 
instruments, methods and assay kits. The difference may 
lead to a cautious extrapolation of our results. Furthermore, 
the poor sensitivity and imprecision of the assay of serum 
PTH concentration <1 pg/mL in the current study still 
needs further discussion.

Different from other studies including patients with 
benign or malignant thyroid disease, or both (7,11,12), 
the current study included patients with thyroid cancer, of 
which 322 (93.6%) patients underwent total thyroidectomy 
with unilateral or bilateral CND. Our research found 

that total thyroidectomy with bilateral CND played an 
important role in the development of SDPF-D1 and 
undetectable PTH on POD 1. This might result from the 
increased risk to incidental removal of PTGs and disruption 
of the blood supply to PTGs during CND (13-16)  
as significantly increased PTGs autotransplanted and 
removed, and significantly low PGRIS score were detected 
in SDPF-D1 in the current study. However, the role of 
PTG autotransplantation or incidental parathyroidectomy 
alone in the development of severe or permanent 
hypoparathyroidism remains unclear in previous reports 
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(2,7,16-20). The number of PTG preserved in situ in our 
study was not very accurate. It did not include all PTGs 
that remained in situ because we did not intentionally find 
all PTGs, some of which may have been hidden deeply or 
ectopic. Moreover, viability of PTGs preserved was not 
ascertained by definite evidence during surgery.

Here, a low PGRIS score seemed to be a good predictor 
of SDPF-D 1 and prolonged recovery of parathyroid 
function, which was in agreement with the previous report 
(9,12). The concept of PGRIS well integrated the three 
variables (PTGs autotransplanted, incidentally excised and 
preserved in situ) to one variable based on the assumption 
that everyone has at least four PTGs. Recently, a similar 
concept of PGRIF [PGRIF = number of in situ glands/
(total number of identified glands − number of glands in the 
specimen)] introduced by Luo et al. (21) was also identified 
as a crucial predictor for post-thyroidectomy parathyroid 
function. The essence of a PGRIS or PGRIF score in these 
studies might be that more PTGs should be preserved  
in situ (9,21).

However, we cautiously conclude that a high PGRIS 
score in our study only meant less PTGs removed or 
autotransplanted, which contributed to a fast recovery of 
damaged parathyroid function. The experienced surgical 
team is essential to accurately identify and preserve PTGs 
in situ. The permanent hypoparathyroidism rate reported 
in this study was much lower than those reported in many 
reports (22,23). In the current study, all operations were 
performed by a very experienced thyroid surgeon (H.L.) 
with a high volume per year. This might partly account 
for the low permanent hypoparathyroidism rate reported 
in our study. Moreover, report bias was also one of the 
reasons. Many patients from distant areas, who might have 
permanent hypoparathyroidism, did not adhere to follow-
up and were not included in the current study.

Our research was limited by the small sample of patients 
with SDPF-D1 and its retrospective nature, which heavily 
relied on electronic medical records. The initial purpose of 
the current study was to investigate the time-related changes 
of undetectable PTH on POD 1, which was regarded as 
SDPF. However, only a very small number of these patents 
were included. To further expand the sample size, we used 
the cutoff value of 1 pg/mL as criteria of SDPF based on 
our experience and the suggestion from the laboratory 
staff that PTH ≤1 pg/mL (i.e., about ≤0.11 pmol/L)  
is almost undetectable using the current measurement. 
Different endocrine centers should find the center-specific 
cutoff values for SDPF or undetectable PTH to guide their 

decision-making.
The definition of permanent hypoparathyroidism in the 

current study is open to discussion. In contrast to previous 
studies classifying patients by hypocalcaemia (9,11,12), 
we used the PTH values below normal regardless of the 
serum calcium level at 12 months after thyroidectomy as 
the diagnostic criteria because most hypocalcaemia resulted 
from hypoparathyroidism. Moreover, calcium carbonate 
and calcitriol replacement were routinely prescribed to 
patients with hypoparathyroidism to keep serum calcium 
levels high enough to avoid hypocalcaemia related 
symptoms in our center. Thus, serum calcium was not used 
to evaluate the status of parathyroid function in the current 
study. The fluctuations of PTH values before the final 
stabilization were detected in patients with and without 
SDPF during follow-up. Permanent hypoparathyroidism 
literally means a hypoparathyroidism status for a life time. 
However, a small portion of patients diagnosed permanent 
hypoparathyroidism at 6 months still gradually recovered 
in the next 6 or more months in the current (5/16, 31.3%) 
and in other studies (12,20,24), thus the 12-month time 
point seemed more reasonable to determine permanent 
hypoparathyroidism than the 6-month time point.

Conclusions

Most patients with SDPF-D1 could fully recover within 
one year after surgery. Less PTGs accidentally removed 
and autotransplanted contributed to the fast recovery of 
SDPF-D1 after total thyroidectomy.
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