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Abstract
We aimed to identify risk factors for early hypocalcemia after parathyroidectomy in patients with secondary hyperparathy-
roidism. We retrospectively enrolled 106 of 120 consecutive patients with secondary hyperparathyroidism who underwent 
parathyroidectomy between January 2019 and July 2021. Perioperative laboratory parameters, preoperative computerized 
tomography (CT) images, and postoperative histology were evaluated. Parathyroid calcification was defined as hyperdense 
regions with a density of > 130 Hounsfield Units on CT images of the parathyroid. Subtotal parathyroidectomy, total parathy-
roidectomy without auto-transplantation, or total parathyroidectomy with auto-transplantation were performed in the present 
study. Postoperative hypocalcemia was defined as a serum calcium concentration < 2.1 mmol/L within 4 days of surgery. 
The participants were categorized according to the presence (n = 33) or absence (n = 73) of postoperative hypocalcemia. 
The demographics, comorbidities, and surgical details were similar in the two groups. Multivariate analysis showed that the 
preoperative alkaline phosphatase activity, serum intact parathyroid hormone and calcium concentrations, and parathyroid 
calcification were independent risk factors for postoperative hypocalcemia (all P < 0.05). Receiver operating characteristic 
analysis generated areas under the curves for preoperative alkaline phosphatase, intact parathyroid hormone, and parathy-
roid calcification of 0.82, 0.80, and 0.70, respectively (all P < 0.05). Cut-off values for preoperative alkaline phosphatase 
(> 242.9 IU/L) and intact parathyroid hormone (> 2,104 pg/mL) were found to be predictive of postoperative hypocalcemia. 
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High preoperative alkaline phosphatase activity and serum intact parathyroid hormone concentration and low serum cal-
cium are associated with higher risks of postoperative hypocalcemia. Calcification of the parathyroid may represent a novel 
radiologic means of predicting postoperative hypocalcemia.

Graphical abstract
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Introduction

Secondary hyperparathyroidism (SHPT) is a common com-
plication in patients undergoing dialysis because of chronic 
kidney disease [1, 2]. Clinically, parathyroidectomy (PTX) 
represents a definitive treatment option for patients with 
severe SHPT who have not responded to medical therapy. 
Current evidence shows that PTX can improve quality of life, 
increase bone mineral density, reduce fracture risk, and pro-
long survival. Nonetheless, the management of patients with 
SHPT after PTX is challenging because of the high preva-
lence of postoperative hypocalcemia [3–5], which necessi-
tates intensive monitoring of serum calcium concentration 
and meticulous adjustment of calcium supplementation.

Several risk factors, including preoperative serum alka-
line phosphatase (ALP) activity, serum calcium (Ca) con-
centration, and serum intact parathyroid hormone (i-PTH) 
concentration, have been shown to be predictive of post-
operative hypocalcemia in patients with SHPT that require 
PTX [6–16]. However, these findings were made using 
various definitions of postoperative hypocalcemia, differ-
ing methods of perioperative management, and in patients 
with a variety of clinical characteristics, and therefore do 
not provide for a robust understanding of the etiology of 
postoperative hypocalcemia in patients with SHPT. In 

addition, although laboratory parameters have been con-
sidered in many studies, few have focused on the poten-
tial predictive value of the status of the parathyroid itself, 
determined using preoperative imaging techniques. Cur-
rently, computerized tomography (CT) is an economical 
and feasible means of showing the location and extent of 
the parathyroid prior to surgery. Calcification of the para-
thyroid in patients with SHPT has been previously iden-
tified using CT and its identification has been validated 
using histologic examination [17, 18]. However, whether 
this radiologic phenomenon may represent a useful means 
of identifying patients with SHPT who are at a high risk 
of postoperative hypocalcemia remains to be determined.

Therefore, in the present study, we aimed to reappraise 
the risk factors for postoperative hypocalcemia following 
PTX in patients with SHPT, using laboratory and radio-
logic data, and to identify appropriate cut-off values for 
key risk factors to facilitate better identification of high-
risk patients.
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Material and methods

Recruitment of patients with SHPT

This study was approved by the local ethics committee. 
Written informed consent was obtained from all the partici-
pants. Data from 120 consecutive patients with SHPT who 
were admitted to the hospital and treated by PTX between 
January 2019 and July 2021 were retrospectively reviewed. 
The study is reported according to the STROBE reporting 
guidelines.

The patients included in the study met the following crite-
ria: (1) PTX was indicated because of SHPT of renal origin 
(persistent serum i-PTH concentration > 800 pg/mL, lack of 
response to medical therapy, severe symptoms, severe osteo-
porosis and skeletal deformity, and more than one enlarged 
parathyroid gland with a diameter of ≥ 1 cm and rich blood 
supply on preoperative ultrasonographic examination); (2) 
preoperative CT examination data available; (3) successful 
PTX surgery performed, defined as ≥ 3 resected parathy-
roid glands and a serum i-PTH concentration < 60 pg/mL 
1–3 days after surgery [19].

The exclusion criteria were as follows: (1) biliary, pan-
creatic, or liver disease; (2) use of medications such as cina-
calcet to treat SHPT of renal origin within the 6 months 
preceding surgery; (3) a second PTX, required because of 

recurrent SHPT following the initial PTX; (4) incomplete 
medical records; (5) comorbid papillary thyroid carcinoma, 
diagnosed in patients that were surgically treated for SHPT; 
(6) incomplete resection of the parathyroid glands (fewer 
than three resected parathyroid glands) or ineffective PTX 
surgery (serum i-PTH ≥ 60 pg/mL 1–3 days after surgery); 
and (7) parathyroid carcinoma, identified on postoperative 
histologic examination. A flow chart for the patient selection 
process is shown as Fig. 1.

Collection of data from medical records

The participants’ age, sex, body mass, duration and modal-
ity of dialysis, co-morbidities, preoperative drug therapies 
(including vitamin D analogues and phosphate binders), 
laboratory data, details of surgery, preoperative CT imaging 
data, and histologic findings were retrospectively collected.

Preoperative laboratory data were obtained that included 
the following: hemoglobin, serum albumin, ALP activity, 
blood urea nitrogen (BUN), serum creatinine, serum Ca, 
serum potassium (K), phosphorus (P), magnesium (Mg), and 
i-PTH. The serum concentration of Ca was measured every 
4–6 h for the first 48–72 h after surgery and then twice daily 
until stable. The other laboratory data, including ALP, K, P, 
Mg, and i-PTH were measured on 4 consecutive days during 
hospitalization. (Table 1).

Fig. 1   Flow chart of patient 
selection. SHPT secondary 
hyperparathyroidism, PTX par-
athyroidectomy, CT computed 
tomography
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Table 1   Comparisons of the demographics, preoperative laboratory data, and details of the surgery in participants who did or did not experience 
postoperative hypocalcemia

Continuous data are presented as mean ± standard deviation (range), unless otherwise noted; categorical data are presented as number (percent-
age)
i-PTH intact parathyroid hormone, ALP alkaline phosphatase, s-PTX subtotal parathyroidectomy, TPTX total parathyroidectomy, TPTX + AT 
total parathyroidectomy with auto-transplantation

Variable Total patients (N = 106) No postoperative hypocalce-
mia (N = 73)

Postoperative hypocalce-
mia (N = 33)

P

Age, years 50.00 ± 11.20 50.85 ± 10.51 48.12 ± 12.58 0.248
Male (n, %) 66 (62.26) 44 (60.27) 22 (66.67) 0.666
Dialysis modality (n, %)
 Hemodialysis 86 (81.13) 61 (83.56) 25 (75.76) 0.422
 Peritoneal dialysis 20 (18.87) 12 (16.44) 8 (24.24)

Duration of dialysis, month 98.31 ± 55.27 92.32 ± 46.02 111.58 ± 70.69 0.097
Weight, kg 65.31 ± 14.05 65.51 ± 14.20 64.88 ± 13.90 0.832
Preoperative symptoms (n, %)
 Bone pain 88 (83.02) 59 (80.82) 29 (87.88) 0.419
 Pruritus 26 (24.52) 16 (21.92) 10 (30.30) 0.636
 Hypertension 103 (97.17) 70 (95.89) 33 (100) 0.550
 Cardiovascular diseases 22 (20.75) 17 (23.29) 7 (21.21) 0.798
 Diabetes 11 (10.38) 9 (12.33) 2 (0.06) 0.496
 Cerebrovascular diseases 16 (15.09) 12 (16.44) 4 (12.12) 0.771

Preoperative drug therapies (n, %)
 Phosphate binders 80 (75.47) 54 (73.97) 26 (78.79) 0.464
 Vitamin D analogues 43 (40.57) 28 (38.35) 15 (45.45) 0.527

Cardiac ejection fraction, % 57.78 ± 5.64 58.11 ± 4.30 57.21 ± 7.44 0.499
Parathyroid calcification (n, %) 27 (25.47) 10 (13.70) 17 (51.52)  < 0.001
Preoperative laboratory parameters
 Hemoglobin, g/L 107.88 ± 16.95 110.21 ± 17.46 102.73 ± 14.75 0.035
 Albumin, g/L 39.13 ± 4.26 39.83 ± 3.79 37.60 ± 4.87 0.012
 ALP, U/L 327.78 ± 317.88 223.24 ± 185.61 552.70 ± 416.50  < 0.001
 Bilirubin, μmol/L 6.45 ± 2.70 6.59 ± 2.82 6.13 ± 2.43 0.417
 Creatinine, umol/L 942.04 ± 238.09 949.15 ± 237.95 926.33 ± 241.34 0.650
 Blood urea nitrogen, mmol/L 22.80 ± 6.28 23.08 ± 6.17 22.17 ± 6.59 0.490
 Blood glucose, mg/L 4.98 ± 1.10 5.13 ± 1.60 4.65 ± 0.76 0.099
 Uric acid, umol/L 408.29 ± 83.08 404.46 ± 81.25 416.32 ± 87.74 0.506
 i-PTH, pg/ml 1894.36 ± 959.54 1567.09 ± 648.79 2618.33 ± 1135.41  < 0.001
 Serum phosphorus, mmol/L 2.45 ± 0.53 2.41 ± 0.52 2.53 ± 0.56 0.293
 Serum potassium, mmol/L 4.75 ± 0.73 4.81 ± 0.74 4.61 ± 0.72 0.178
 Serum magnesium, mmol/L 1.01 ± 0.14 1.01 ± 0.15 1.01 ± 0.12 0.999
 Serum Calcium, mmol/L 2.31 ± 0.20 2.35 ± 0.20 2.22 ± 0.18 0.002

Postoperative level of serum calcium, mmol/L
 On the day of surgery 2.19 ± 0.35 2.27 ± 0.34 2.00 ± 0.29  < 0.001
 Postoperative Day 1 2.22 ± 0.35 2.37 ± 0.27 1.86 ± 0.21  < 0.001
 Postoperative Day 2 2.31 ± 0.38 2.46 ± 0.32 1.97 ± 0.28  < 0.001
 Postoperative Day 3 2.42 ± 0.40 2.55 ± 0.36 2.11 ± 0.32  < 0.001
 Postoperative Day 4 2.51 ± 0.41 2.63 ± 0.36 2.25 ± 0.39  < 0.001

Surgery choice (n, %) 0.932
 s-PTX 46 (43.40) 32 (43.84) 14 (42.42)
 TPTX 26 (24.53) 17 (23.29) 9 (27.27)
 TPTX + AT 34 (32.07) 24 (32.87) 10 (30.30)

Dissected number of parathyroid 3.74 ± 0.56 3.71 ± 0.54 3.79 ± 0.60 0.521
Concurrent thyroidectomy (n, %) 23 (21.70) 18 (24.66) 4 (12.12) 0.319
Prophylactic antibiotics (n, %) 32 (30.19) 23 (31.50) 9 (27.27) 0.820
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Surgical procedures

All the surgical procedures were performed by a dedicated 
endocrine surgeon under general anesthesia. Subtotal par-
athyroidectomy (s-PTX), total parathyroidectomy without 
auto-transplantation (TPTX), or total parathyroidectomy 
with auto-transplantation (TPTX + AT) were performed on 
the participants in the present study. According to the con-
sensus report of the European Society of Endocrine Sur-
geons [2], s-PTX is defined as the resection of approximately 
three-and-a-half parathyroid glands, leaving between 40 and 
80 mg of the most normal-appearing, well-vascularized par-
athyroid gland in situ. For autotransplantation, the most nor-
mal-appearing gland was minced into 10–20 1-mm3 pieces 
for reimplantation in the non-dominant forearm.

All the participants underwent bilateral neck exploration, 
in an attempt to identify all the parathyroid glands. When 
four or more glands were identified at the time of surgery, 
the choice of procedure principally depended upon the pref-
erence of the surgeon. If three parathyroid glands were iden-
tified, all the identifiable parathyroid glands were removed 
and autotransplantation was not performed.

Standard supportive treatment

After surgery, all the participants were empirically 
treated with an intravenous infusion of 50 mL 10% cal-
cium gluconate on both the day of surgery and the first 
day following surgery. If the serum calcium concentration 
was < 2.1 mmol/L, an additional volume of 5% calcium glu-
conate solution was administered intravenously. The transfu-
sion speed of the calcium gluconate solution was adjusted 
according to the serum calcium concentration during subse-
quent monitoring. All the participants started to take active 
vitamin D sterols at a dose of 0.5 µg twice a day and calcium 
carbonate at a dose of 1200 mg twice a day on the first day 

following surgery. The intravenous calcium administration 
was gradually reduced and the participants were discharged 
when their serum calcium concentrations were stable and 
within the normal range, without the need for intravenous 
calcium supplementation, and they showed no symptoms of 
hypocalcemia or other surgery-related complications.

Definition of postoperative hypocalcemia

Postoperative hypocalcemia was defined as a minimum Ca 
concentration < 2.1 mmol/L within the 4 days following 
surgery, despite standard supportive treatment. This cut-off 
value for serum calcium was the same as that used by Yifei 
et al., Witteveen et al. and others [4, 5, 8, 16, 19, 20].

Evaluation of parathyroid calcification

All preoperative CT examinations were performed using a 
multi-detector, 64-row CT scanner (750HD GE Healthcare, 
Chicago, IL, USA). Due to the condition of chronic renal 
failure, all patients undergone conventional CT without 
contrast. The scans began at the hard palate and continued 
to the manubrium of the sternum. The imaging parameters 
were: tube voltage, 120 kVp; gantry rotation speed, 0.6 s; 
and maximum allowable tube current, 500 mA. The CT 
scan data were collected in the Digital Imaging and Com-
munications in Medicine format and were analyzed using 
post-processing software (3D slicer, Harvard, Version 4.81 
(slicer.org)). Parathyroid calcification was defined as hyper-
density (> 130 Hounsfield Units (HU)) within the region of 
the parathyroids on CT images. The presence of parathy-
roid calcification was recorded by surgeon Xinzeng Sun, 
who has > 10 years’ experience in endocrine surgery. His-
tologic examination was used to check the intraoperative 
identification of parathyroid calcification. Figure 2 and the 

Fig. 2   Calcification of the para-
thyroid glands. a–d Parathyroid 
calcification in participants, 
identified on preoperative com-
puted tomography (arrows). e 
Histology of the parathyroid tis-
sue, showing diffuse hyperplasia 
of chief cells and calcification 
(closed yellow triangle) (colour 
figure online)
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Supplemental Video show the parathyroid calcification on 
CT and histologically.

Statistical analysis

Continuous data are expressed as mean ± standard deviation 
and categorical data are expressed as frequency and percent-
age. Continuous datasets were compared using Student’s t 
test or the Mann–Whitney U test, as appropriate, and cat-
egorical datasets were compared using the chi-square test or 
Fisher’s exact test. Intra-class correlation coefficients (ICCs) 
were used to evaluate the repeatability of the detection of 
calcified parathyroids using CT and histologic examination. 
ICCs > 0.8 were considered to indicate excellent agreement. 
All the factors considered were subjected to univariable 
analysis, and those associated with postoperative hypocal-
cemia (P < 0.05) on univariable analysis, those shown in the 
literature to be relevant, and those with a P value of < 0.20 
on univariable analysis were included in a multivariable 
model to identify independent predictors. Odds ratios (ORs) 
and 95% confidence intervals (CIs) were calculated to evalu-
ate the strength of the association between each variable and 
the development of postoperative hypocalcemia. Receiver-
operating characteristic (ROC) analysis was used to deter-
mine the optimal cut-off values for the significant factors 
and to evaluate the utility of each of these for the prediction 
of postoperative hypocalcemia. The value closest to the top-
left part of each ROC curve was selected. All the statistical 
analyses were performed using IBM SPSS Statistics version 
22 (IBM Corp., Armonk, NY, USA). All the tests were two-
sided and statistical significance was defined as P < 0.05.

Results

Patient demographics

After applying the inclusion and exclusion criteria, data 
were available for 106 (age 50.00 ± 11.20 years) of 120 
patients with SHPT who underwent PTX during the study 

period. Postoperative hypocalcemia was identified in 33 
participants (31.3%). The age, sex, body mass, preoperative 
symptoms, dialysis modality, preoperative drug therapies 
and comorbidities were not associated with postoperative 
hypocalcemia (all P > 0.05). The duration of dialysis in 
participants who did not experience postoperative hypoc-
alcemia was 92.32 ± 46.02 months, which was not sig-
nificantly different from that in the participants who did 
(111.58 ± 70.69 months) (P = 0.10) (Table 1).

Univariate analysis of factors potentially favoring 
postoperative hypocalcemia

Assessment of the preoperative laboratory test results 
showed no significant differences in creatinine, BUN, glu-
cose, uric acid, bilirubin, K, or Mg between participants who 
did or did not experience postoperative hypocalcemia (all 
P > 0.05). In contrast, hemoglobin, albumin, ALP, i-PTH, 
and Ca appeared to be predictive of postoperative hypoc-
alcemia. As shown in Table 2, the participants that experi-
enced postoperative hypocalcemia had lower hemoglobin 
(102.73 ± 14.75 vs. 110.21 ± 17.46 g/L, P = 0.035), lower 
preoperative serum Ca (2.22 ± 0.18 vs. 2.35 ± 0.20 mmol/L, 
P < 0.001), higher i-PTH (2,618.33 ± 1,135.41 vs. 
1,567.09 ± 648.79  pg/ml, P < 0.001), and higher ALP 
(552.70 ± 416.50 vs. 223.24 ± 185.61 U/L, P < 0.001) than 
those who did not.

Twenty-eight participants with calcified parathyroids 
were initially identified using CT. Histologic examination 
showed that two of these participants had calcification of 
other tissues, and were, therefore, excluded from this group, 
and one additional participant showed parathyroid calcifica-
tion on histologic examination, and was, therefore, added, 
yielding a total of 27. The ICC coefficient was 0.944, which 
implied excellent agreement between the two methods. The 
prevalence of parathyroid calcification in participants who 
experienced postoperative hypocalcemia group was 51.5% 
(17 out of 33 patients), which was significantly higher 
than that in participants who did not (13.7%, 10 out of 73 
patients) (P < 0.001) (Table 1).

Table 2   Results of the 
multivariable analysis of 
factors potentially favoring 
postoperative hypocalcemia

i-PTH intact parathyroid hormone, ALP alkaline phosphatase

Variable B-Coefficient Standard error Odds ratio 95% confi-
dence
interval for 
odds ratio

P Value

Lower Upper

Preoperative ALP (U/L) 0.003 0.001 1.003 1.000 1.006 0.025
Preoperative blood calcium (mg/L) − 5.190 1.746 0.006 0.0001 0.171 0.003
Preoperative iPTH (pg/ml) 0.001 0.000 1.001 1.000 1.002 0.019
Parathyroid calcification 2.134 0.660 8.452 2.317 30.835 0.001
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Three types of procedure were performed in the present 
study: s-TPX, TPX, and TPX + AT. Analysis of the preva-
lence of postoperative hypocalcemia according to the proce-
dure performed showed no significant differences according 
to the procedure performed of the number of parathyroids 
dissected (all P > 0.05) (Table 1).

Multivariate analysis of factors potentially favoring 
postoperative hypocalcemia

The multivariable analysis showed that the following 
parameters were independent predictors of postoperative 
hypocalcemia: preoperative ALP activity (OR = 1.003, 
95% CI 1.000–1.006; P = 0.025), serum Ca (OR = 0.006, 
95% CI 0.0001–0.171; P = 0.003), i-PTH (OR = 1.001, 95% 
CI 1.000–1.002; P = 0.019), and parathyroid calcification 
(OR = 8.452, 95% CI 2.317–30.835; P = 0.001) (Table 2).

Subsequently, ROC curves were separately constructed 
for preoperative ALP, serum Ca, i-PTH, and parathyroid cal-
cification. The areas under curves (AUCs) for these poten-
tial risk factors were 0.82 (95% CI 0.738–0.903; P < 0.001), 
0.60 (95% CI 0.699–0.900; P = 0.107), 0.80 (95% CI 
0.699–0.900; P < 0.001), and 0.70 (95% CI 0.584–0.813; 
P = 0.001), respectively (Fig. 3). Furthermore, an i-PTH 

cut-off of ≥ 2,104 pg/mL (sensitivity 72.73% and specific-
ity 82.19%) and an ALP cut-off of ≥ 242.9 U/L (sensitivity 
81.82% and specificity 73.24%) were found to predict post-
operative hypocalcemia.

Discussion

The management of patients with SHPT after PTX remains 
challenging because of the requirement to prevent and imme-
diately correct postoperative hypocalcemia. Previous studies 
have attempted to identify clinical factors that predict the 
development of postoperative hypocalcemia, but the results 
have been inconclusive, principally because of differing defi-
nitions of postoperative hypocalcemia (serum Ca concentra-
tions of 1.78, 1.87, 2.0, or 2.1 mmol/L, with or without cor-
rection for albumin concentration; duration of postoperative 
hospital stay; or the level of intravenous calcium supplemen-
tation); which creates difficulties in their interpretation. In 
the current study, we favored postoperative hypocalcemia, 
defined as < 2.1 mmol/L within the first 4 days postopera-
tively. The two main reasons for this are as follows. First, 
the threshold value of 2.1 mmol/L was consistent with the 
reference to normal laboratory calcium levels. In addition, 

Fig. 3   Receiver operating 
characteristic curves and areas 
under the curves (AUCs) for 
postoperative hypocalcemia
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this threshold value was adopted by many previous studies 
and also recommended by the recently published guidelines 
of the American Association of Endocrine Surgeons [21]. 
Secondly, calcium levels always reached their lowest point 
between 48 and 72 h postoperatively [21]. Therefore, a post-
operative observation window of 4 days may be optimal and 
sufficient to see the corresponding changes in calcium levels.

Three major risk factors have been identified among the 
typically measured laboratory parameters. First, high ALP 
activity is widely recognized to be associated with postoper-
ative hypocalcemia because of an imbalance between osteo-
clast and osteoblast activity. Osteoclast activity significantly 
decreases after hyperparathyroidism surgery because of a 
sudden decrease in i-PTH concentration, whereas osteoblast 
activity is not significantly affected. Therefore, bone metabo-
lism is disrupted, and this may contribute to the development 
of hypocalcemia after surgery. The results of the univariable 
and multivariable analyses conducted in the present study 
are consistent with this. Furthermore, patients with preop-
erative serum ALP activities > 242.9 IU/L were identified as 
being at a high risk of postoperative hypocalcemia, with a 
sensitivity of 81.82% and a specificity of 73.24%. This value 
is comparable with the cut-off value (208.9 U/L) obtained in 
the study by Wen et al. [14].

Second, low serum Ca concentration was identified as 
another independent risk factor for postoperative hypocal-
cemia in the present study, which is also in accordance with 
the findings of previous studies [8, 19, 20], 12, 14, 16, 22, 
23. This can be explained by the rapid movement of cal-
cium from the circulation into the bone and extensive bone 
remineralization because of the abrupt decrease in i-PTH. 
However, the ROC analysis did not identify a serum Ca con-
centration that should be maintained in patients, and there-
fore further investigation is required.

Third, in the present study, we have shown that high pre-
operative i-PTH concentration favors the development of 
postoperative hypocalcemia, which is consistent with the 
findings of previous studies [5, 8, 12, 14, 20, 23]. In par-
ticular, patients with preoperative serum i-PTH concentra-
tions > 2104 pg/mL may need intensive care to prevent post-
operative hypocalcemia. Preoperative i-PTH concentration 
is generally related to the severity of renal osteodystrophy. 
Therefore, a positive association between high preoperative 
serum i-PTH and postoperative hypocalcemia would be 
expected. However, paradoxically, some other studies did 
not show that i-PTH concentration is predictive of postop-
erative hypocalcemia, which might be ascribed to the inclu-
sion of multiple variables that prevented the identification of 
significant statistical relationships [6, 9, 16, 24].

In contrast to the evidence generated by the laboratory 
parameters, the image features or morphology performances 
of the parathyroid glands were evaluated, and a novel asso-
ciation between the calcification of the parathyroid glands 

and early hypocalcemia following PTX was identified. In 
the multivariable logistic regression analysis, we found that, 
compared with participants who did not show parathyroid 
calcification, those who did were at a substantially higher 
risk of postoperative hypocalcemia (8.45 times). The biggest 
advantage of using this factor is the avoidance of the need 
to assess changes in preoperative laboratory parameters, 
which can be affected by dialysis, and most of the previous 
reports did not specify the timing of measurement of these 
laboratory parameters. Thus, this relatively stable radiologic 
parameter may represent a more accurate predictor. It is not 
difficult to differentiate calcified parathyroids, with high CT 
values, from the surrounding tissue on preoperative CT, and 
the accuracy of identification of parathyroid calcification by 
CT is acceptable and shows excellent agreement with the 
histologic assessment. Although preoperative concurrent 
single photon emission computed tomography-computer-
ized tomography (SPECT/CT) and ultrasonography were 
not assessed in the present study, we believe that our find-
ings would also be applicable to these imaging modalities 
because the calcified lesions can also be easily identified 
in these ways. Therefore, calcification of the parathyroids 
represents a radiological predictor of postoperative hypoc-
alcemia following PTX.

Previous studies have shown parathyroid calcification in 
patients [17, 18], but none have measured the prevalence of 
this or assessed the use of imaging of the parathyroids for 
the prediction of postoperative hypocalcemia. In the present 
study, calcification of the parathyroids was shown to have 
a relatively high incidence: almost 25% (27 out of 106) of 
participants with SHPT developed parathyroid calcification. 
This may be because of long-term dialysis, the severity of 
SHPT, or a result of ectopic calcification. Interestingly, the 
number of calcified parathyroids and the location of the cal-
cification in the parathyroids varied among the participants: 
calcification was found to surround or to occur within the 
parathyroids. The detailed mechanism of this mineralization 
requires further analysis.

The present study had several limitations. First, it was 
subject to the standard limitations of a retrospective study. 
Several other parameters that might be predictors of post-
operative hypocalcemia were not routinely measured. Other 
factors, such as bone mineral density, serum vitamin D con-
centration, parathyroid mass, and other parameters of para-
thyroid morphology should be included in future studies, to 
reduce confounding. Second, changes in serum calcium lev-
els after hospital discharge were not obtained due to a lack 
of long-term follow-up. And the sample size was relatively 
small and potentially important associations between vari-
ables may have been obscured. Third, in the present study 
we used a strict criterion (< 2.1 mmol/L during the first 4 
postoperative days), but a consistent method for the evalua-
tion of postoperative hypocalcemia should be established in 
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the future. Furthermore, the empirical use of intravenous Ca 
support after surgery may have concealed potential hypocal-
cemia in the participants and may reduce the generalizability 
of the present findings to other centers. Nevertheless, our 
findings are comparable to those of previous studies and we 
have made the novel finding that parathyroid calcification is 
a predictor of postoperative hypocalcemia.

Conclusion

In this retrospective study conducted at a single center, we 
have shown that patients with high preoperative ALP activ-
ity or i-PTH concentration, low serum Ca, or calcification of 
the parathyroids are more likely to experience postoperative 
hypocalcemia. To better identify patients with a high risk of 
postoperative hypocalcemia, we have identified optimal cut-
off values for ALP and i-PTH. Parathyroid calcification was 
demonstrated to be associated with a high risk of postopera-
tive hypocalcemia for the first time, and this may become a 
useful radiologic predictor of postoperative hypocalcemia. 
The early identification of these risk factors should improve 
patient outcomes and satisfaction.
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