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INTRODUCTION

Secondary hyperparathyroidism (SHPT) is a common and seri-
ous complication in patients with chronic kidney disease (CKD) 

[1]. This condition primarily presents as disturbances in calcium 
and phosphorus metabolism, musculoskeletal issues, sleep disor-
ders, and pruritic skin [2]. Despite the development of new med-
ications, parathyroidectomy (PTX) remains the definitive and ef-
fective treatment for SHPT. The Kidney Disease: Improving Glob-
al Outcomes (KDIGO) guidelines recommend PTX for patients 
with SHPT who are resistant to medical treatment [3,4]. Success-
ful PTX can alleviate clinical symptoms, regulate calcium and 
phosphorus metabolism, and decrease serum intact parathyroid 
hormone (iPTH) levels [5]. Most notably, it can improve patients’ 
quality of life [6] and reduce the risk of cardiovascular mortali-
ty [7].

Hypocalcemia, a severe complication known to occur after 
PTX [5,8], is also referred to as hungry bone syndrome (HBS). 
It is considered a contributing factor to the readmission and 
mortality rates associated with PTX in patients with SHPT [9]. 
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Objectives. We aimed to develop a new calculation model for calcium requirements in dialysis patients following parathy-
roidectomy.

Methods. A total of 98 patients with secondary hyperparathyroidism receiving parathyroidectomy from January 2014 to 
January 2022 were enrolled in this study. Among these patients, 78 were randomly selected for construction of the 
calcium requirement calculation model, and the remaining 20 patients were selected for model validation. The calci-
um requirement model estimated the total calcium supplementation for 1 week after surgery using variables with 
significant relationships in the derivation group by stepwise multiple linear regression analysis. Bias, precision, and 
accuracy were measured in the validation group to determine the performance of the model.

Results. The model was as follows: calcium requirement for 1 week after surgery=33.798–8.929×immediate postoperative 
calcium+0.190×C-reactive protein–0.125×age+0.002×preoperative intact parathyroid hormone+0.003×preopera-
tive alkaline phosphatase (R2=0.8). The model was successfully validated. 

Conclusion. We generated a novel model to guide calcium supplementation. This model can assist in stabilizing the serum 
calcium levels of patients during the early postoperative period. Furthermore, it contributes to the individualized and 
precise treatment of hypocalcemia in patients following parathyroidectomy.
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Therefore, maintaining a stable postoperative serum calcium lev-
el is vital. However, the current approach to postoperative calci-
um supplementation relies heavily on frequently monitoring se-
rum calcium levels after surgery. Prior studies have attempted to 
develop models to estimate the total postoperative calcium re-
quirements following PTX in patients with SHPT [10-12]. Re-
grettably, some of these models have not been verified, and oth-
ers vary in their approach to calcium supplementation, making 
them challenging to apply clinically. Consequently, there is a 
need to establish a reliable model for predicting calcium require-
ments after PTX in SHPT patients. This study aimed to develop 
and validate a novel calculation model for estimating calcium 
requirements in dialysis patients following PTX.

MATERIALS AND METHODS

Study design
This retrospective study carefully screened the hospital records 
of patients with SHPT who underwent a successful PTX between 
January 2014 and January 2022. All the dialysis patients with 
complete data of surgical treatment, who met the surgical indica-
tions, were included in the study. Indications for PTX include at 
least one of the following: (1) a high level of iPTH (>800 pg/mL), 
(2) uncontrolled hypercalcemia and hyperphosphatemia that is 
refractory to medical therapy, (3) detection of at least one en-
larged parathyroid gland by imaging examinations. Exclusion 
criteria were as follows: patients with severe organ failure (such 
as heart failure, respiratory failure, liver failure, uremia and so 
on) that cannot tolerate surgery, patients with tumor, patients 
with serious coagulation dysfunction (activated partial thrombo-
plastin time >37 seconds), pregnant women, and patients who 
were unable to tolerate general anesthesia. Patients with incom-
plete record of clinical and/or accessory examinations were ex-
cluded.

The research protocol was approved by the Institutional Re-

view Board of Huashan Hospital, Fudan University (No. KY2018-
369). All patients provided written informed consent for this study. 
Between 2014 and 2022, 119 patients with SHPT received 
PTX. Six of them were excluded due to incomplete records of 
clinical and/or accessory examinations, and 15 patients were ex-
cluded due to the type of operation. Ninety-eight patients were 
randomly divided into two groups: 78 of them were used as the 
model derivation group and 20 were used as the validation 
group. All patients were administered with routine intravenous 
calcium gluconate after PTX. Calcium supplementation was ad-
justed according to the serum calcium level. We calculated the 
total calcium requirements (both intravenous and oral calcium) 
for a week after surgery for each patient. 

Data collection
The clinical data recorded were age, sex, body mass index, dura-
tions of dialysis and SHPT. Additional biochemical data includ-
ed preoperative alkaline phosphatase (ALP), serum creatinine, 
blood urea nitrogen, serum albumin, hemoglobin, potassium, C-
reactive protein (CRP), carbon dioxide binding capacity, preop-
erative and immediate postoperative serum calcium, phospho-
rous and iPTH. The resected glands’ weights and volumes, intra-
venous and oral calcium supplementation in one week, and days 
of intravenous calcium supplementation were faithfully recorded. 
All data were extracted from the hospital information system.

Surgery
The specific surgical procedure is total PTX with autologous 
transplantation, performed by experienced surgeons (HW). The 
iPTH level would be at least 80% lower than preoperative level 
to be considered as a successful surgery. For parathyroid autolo-
gous transplantation, the gland was divided into 1 mm3 pieces, 
and 10 pieces were placed in a single muscle pocket of the bra-
chioradialis muscle. Postoperatively, serum calcium, phospho-
rous and iPTH were measured within five minutes. Postopera-
tive calcium supplementation was given in the form of intrave-
nous calcium gluconate and oral calcium carbonate (CaCO3). 
Intravenous 5% calcium gluconate solution was initially started, 
then adjusted according to the serum calcium level measured 
every 6 hours. The intravenous calcium infusion was gradually 
replaced by the oral CaCO3 when serum calcium levels had sta-
bilized. The oral calcium was calculated by assuming a fractional 
gastrointestinal absorption of 20% [13]. The total calcium require-
ments for a week after surgery was estimated.

Calcium supplementation protocol
Calcium supplementation of patients was under unified manage-
ment. The principle of calcium supplementation is to maintain 
the serum calcium level within normal range. Calcium supple-
mentation after surgery on the first day for reference: a central 
venous catheter was routinely recommended for intravenous 
calcium supplementation after operation. Intravenous calcium 

	� We established a novel model to quantify postoperative calci-
um requirements. 

	� The predictor variables in the model can be easily obtained 
from clinical and biochemical data.

	� The model can contribute to assessing calcium balance and of-
fer accurate, individualized calcium supplementation for pa-
tients following parathyroidectomy.

	� Severe hypocalcemia can result in negative clinical outcomes, 
while over-supplementation of calcium can inhibit the survival 
of parathyroid autografts; therefore, determining the total cal-
cium requirement following parathyroidectomy is crucial for 
accurately administering calcium supplements and improving 
patient prognosis.
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supplementation started immediately after surgery with 10% 
calcium gluconate and 5% dextrose injection restricted to a ra-
tio of 1:1 and a speed of 30 mL/hr. The serum calcium level was 
closely monitored. The speed of intravenous calcium supplemen-
tation was adjusted or discontinued based on serum calcium 
levels. The protocol for the calcium supplement management is 
as followings. When the serum calcium level >3.0 mmol/L, cal-
cium supplementation should be suspended. Calcium supplemen-
tation should be administered to a half of original when the se-
rum calcium level between 2.5 and 3.0 mmol/L. When the serum 
calcium level between 2.0 and 2.5 mmol/L, we always maintain 
existing calcium supplementation. Intravenous calcium supple-
mentation should be administered to the double of original when 
the serum calcium level <2.0 mmol/L or patients are symptomatic. 

Based on our previous experience, intravenous calcium sup-
plementation can be transitioned to oral calcium supplementa-
tion on the third or fourth day after surgery, which has a stable 
serum calcium level. CaCO3 is usually recommended 12–24 tab-
lets a day (calcium 0.3 g/tablet). Concomitant use of active vita-
min D and calcium preparations was also recommended. We 
prescribed rocaltrol 0.25–0.5 μg a day, and the individual dose 
was adjusted based on serum calcium levels and iPTH levels.

Model derivation and validation
The model was derived from the derivation group data and the 
validation group was used to further test the accuracy of the mod-
el (Fig. 1). R2 was used to test the goodness-of-fit of the model, 
aiming for above 0.8 to guarantee a precise estimation [14]. Pre-
cision, bias, and accuracy were calculated to measure the perfor-
mance of the model. Bias and precision are presented as the me-
dian and interquartile range (IQR) of the differences between 
actual calcium requirements and predicted calcium requirements. 
Accuracy is presented as the percentage of estimated value with-
in 15 (P15), 30 (P30), and 50% (P50) of the measured value [15,16].  

Statistical analysis
All analyses were performed using IBM SPSS ver. 21.0 (IBM 
Corp.) or GraphPad Prism software version 8.0 (GraphPad Soft-
ware). The distribution of each parameter was detected using 
the Kolmogorov-Smirnov test. Quantitative data are presented 
as mean±standard deviation or median (IQR), while qualitative 
data are expressed as frequencies and percentages. Differences 
between groups were compared using unpaired t-test or the 
Mann-Whitney U-test for continuous variables and the chi-
squared test for categorical variables. To evaluate changes in bio-
chemical parameters after PTX, paired t-test using preoperative 
and corresponding postoperative data was performed. Pearson 
and Spearman correlation coefficients were used to examine as-
sociations between calcium supplementation and other parame-
ters. Among significant factors, a multiple linear regression anal-
ysis was performed to develop a model for the predicted total 
elemental calcium supplementation. Correlations between two 

variables were examined by scatter plot and Pearson’s correla-
tion coefficient. P-values of less than 0.05 were considered sta-
tistically significant.

RESULTS

Baseline characteristics
This study enrolled a total of 98 dialysis patients with SHPT who 
had undergone PTX. The mean age of the patients was 52.2±

11.1 years, and 39.8% (n=39) of them were male. The mean 
weekly requirement for total calcium was 13.26±5.39 g. The 
baseline characteristics of the two groups were comparable, as 
shown in Table 1.

Model construction and validation 
To explore the associations between calcium requirements for  
1 week post-surgery and other variables, Pearson correlation 
analysis was performed for normally distributed variables and 
Spearman rank correlation analysis was conducted for non-nor-
mally distributed variables (Table 2). Preoperative calcium and 
immediate postoperative calcium were inversely related to calci-
um supplementation following PTX. The variables that showed a 
positive correlation included preoperative phosphorus, iPTH, 
ALP, and CRP. The variables showed complex correlations. These 
variables were not entirely independent from each other, indi-
cating the necessity to examine collinearity in multiple regres-
sion analysis.

The final model was constructed to estimate the total calcium 
requirement for the first week post-surgery. This was achieved 
by utilizing variables that demonstrated significant relationships 
in the stepwise multiple linear regression analysis (Table 3). The 
model is as follows:

Fig. 1. Study profile.

6 Incomplete record of clinical 
and/or accessory examinations

15 Total parathyroidectomy or 
subtotal parathyroidectomy

119 Secondary hyperparathyroidism

113 Secondary hyperparathyroidism

98 Total parathyroidectomy with 
autologous transplantation

78 Model 
derivation group

20 Model 
validation group
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Y=33.798–8.929×X1+0.190×X2–0.125× 
X3+0.002×X4+0.003×X5,

where Y=the calcium (g) requirement for 1 week after surgery, 
X1=immediate postoperative calcium (mmol/L), X2=preoperative 
CRP (mg/L), X3=age (years), X4=preoperative iPTH (pg/mL), 
and X5=preoperative ALP (U/L) (R2=0.8). The model was statis-
tically significant (F=27.327, P<0.001). To detect collinearity, 
the variance inflation factor (VIF) and the tolerance (T) values 
were calculated. If the VIF value is higher than 10 or the T value 
is smaller than 0.10, then collinearity may have a trivial impact 
on the estimates of the parameters. Multicollinearity testing based 
on the VIF and the tolerance values was performed, and the re-
sults indicated the absence of multicollinearity problems.

The model was validated by calculating the predicted calcium 
requirements of the 20 patients in the validation group. The mean 
predicted total calcium requirement for 1 week after surgery 
was 12.36±4.88 g, while the actual total calcium supplementa-

tion during this period was 12.60±6.50 g (Fig. 2A). A scatter 
plot showing the relationship between actual and predicted cal-
cium requirements is shown in Fig. 2B. A significant correlation 
between the actual and predicted data is evident from the scat-
ter plot. The correlation coefficient between the two was 0.8, in-
dicating that the model provided good predictive utility (R=0.8, 
P<0.001). The performance of the predicted calcium require-
ment model is shown in Table 4. The percentages of estimated 
values within P15, P30, and P50 of the measured values were 25%, 
75%, and 95%, respectively. This model was applied successful-
ly to the patients in the validation group.

DISCUSSION

SHPT is a common problem in patients with end-stage renal dis-
ease. This condition arises as the glomerular filtration rate declines, 

Table 1. Clinical and laboratory characteristics of 98 patients

Characteristic Model group (n=78) Validation group (n=20) P-value

Age (yr) 52.8±10.9 50.1±12.1 0.331
Sex (male:female) 33:45 6:14 0.316
BMI (kg/m2) 22.20±3.55 21.14±2.94 0.224
Dialysis duration (mo) 108 (78–144) 96 (66–129) 0.491
Duration of SHPT (mo) 12 (6–36) 10 (6–24) 0.096
Preoperative laboratory data
   Calcium (mmol/L) 2.58±0.20 2.64±0.23 0.206
   Phosphorus (mmol/L) 2.48±0.56 2.31±0.47 0.209
   iPTH (pg/mL) 2,057.0 (1,399.0–2,500.0) 1,791.0 (1,448.0–2,469.0) 0.612
   ALP (U/L) 302.0 (156.0–549.0) 390.0 (217.8–802.5) 0.407
   Creatinine (μmol/L) 863.2±372.7 790.6±218.6 0.266
   BUN (mmol/L) 20.1±8.0 18.9±6.5 0.273
   Albumin (g/L) 41.6±5.4 42.1±7.6 0.726
   Hemoglobin (g/L) 111.4±23.7 111.9±29.6 0.938
   Potassium (mmol/L) 4.63±0.64 4.82±0.87 0.362
   Carbon dioxide combining power (mmol/L) 21.91±3.78 22.81±3.75 0.345
   CRP (mg/L) 3.85 (3.13–7.92) 3.86 (3.12–8.48) 0.912
Postoperative laboratory data
   Immediately
      Calcium (mmol/L) 2.33±0.23 2.42±0.24 0.127
      Phosphorus (mmol/L) 2.26±0.55 2.08±0.55 0.197
      iPTH (pg/mL) 42.1(19.4–84.2) 40.9 (16.6–80.8) 0.781
Preoperative and postoperative differences
   Calcium (mmol/L) 0.25±0.17 0.22±0.23 0.575
   Phosphorus (mmol/L) 0.22±0.30 0.23±0.29 0.937
   iPTH (pg/mL) 1,894.1 (1,325.4–2,436.2) 1,766.7 (1,365.5–2,382.4) 0.744
Parathyroid gland weight (g) 3.8 (3.0–4.8) 3.6 (2.4–4.4) 0.682
Parathyroid gland volume (cm3) 5.3 (4.0–7.1) 6.7 (3.8–9.1) 0.175
Parathyroid gland density (g/cm3) 0.69 (0.54–0.88) 0.61 (0.48–0.75) 0.081
Days of intravenous calcium supplementation 4 (3–5) 4 (2–6) 0.932
Calcium requirements 1 week after surgery (g) 13.43±5.09 12.60±6.50 0.543

Values are presented as mean±standard deviation or median (interquartile range).
BMI, body mass index; SHPT, secondary hyperparathyroidism; iPTH, intact parathyroid hormone; ALP, alkaline phosphatase; BUN, blood urea nitrogen; 
CRP, C-reactive protein.
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leading to a disruption in phosphate excretion that can result in 
hyperphosphatemia. Additionally, deficiencies in circulating cal-
cium and vitamin D3 can also trigger an increase in iPTH secre-
tion and parathyroid hyperplasia [2]. Numerous studies have in-
dicated that successful PTX is a safe and effective treatment strat-
egy for lowering serum calcium and phosphorus levels, thereby 
improving the prognosis [5,17]. 

Hypocalcemia is a common complication following PTX. Sig-
nificant hypocalcemia can result in tetany, arrhythmia, and even 
death. The incidence rate of postoperative hypocalcemia in pa-

Table 2. Correlations between total calcium requirements and char-
acteristics by Pearson or Spearman correlation analysis

Variable
Pearson or Spearman 

correlation analysis
P-value

Pearson R
Age –0.203 0.075
BMI  0.124 0.281
Preoperative data

Calcium –0.242  0.033*
Phosphorus  0.162 0.156
Creatinine –0.024 0.835
BUN  0.045 0.695
Albumin –0.073 0.526
Hemoglobin –0.163 0.154
Potassium  0.262  0.021*
Carbon dioxide combining power –0.174 0.128

Postoperative data
Immediately

Calcium –0.596 <0.001**
Phosphorus  0.001 0.998

Preoperative and postoperative differences
Calcium 0.534 <0.001**
Phosphorus 0.306  0.007**

Spearman R
Sex 0.018 0.877
Dialysis duration –0.012 0.920
Duration of SHPT –0.039 0.736
Preoperative data

iPTH 0.638 <0.001**
ALP 0.546 <0.001**
CRP 0.280  0.013**
Postoperative data

Immediately 
iPTH 0.036 0.751

Preoperative and postoperative differences
iPTH 0.588 <0.001**
Parathyroid gland weight 0.117 0.309
Parathyroid gland volume 0.179 0.118
Parathyroid gland density –0.160 0.161

R=correlation coefficient. 
BMI, body mass index; BUN, blood urea nitrogen; SHPT, secondary hy-
perparathyroidism; iPTH, intact parathyroid hormone; ALP, alkaline phos-
phatase; CRP, C-reactive protein.
*P<0.05, **P<0.01.

Table 3. Multiple linear regression model of predictors of calcium re-
quirements

Characteristic β Standard 
error

t-value P-value

Constant 33.798 7.046 4.797
Immediate postoperative calcium –8.929 2.474 –3.610 <0.001**
CRP 0.190 0.033 5.719 <0.001**
Age –0.125 0.045 –2.766  0.009**
Preoperative iPTH 0.002 0.001  2.297 0.027*
Preoperative ALP 0.003 0.001  2.079 0.044*

CRP, C-reactive protein; iPTH, intact parathyroid hormone.
*P<0.05, **P<0.01.

Table 4. Performances of the predicted calcium requirement model: 
bias, precision, and accuracy

Parameter Model

Bias (g)
   Median of difference (IQR) –0.68 (–2.38 to 1.30)
   Precision (g) 3.68
Accuracy (%)
   P15 25.0
   P30 75.0
   P50 95.0

IQR, interquartile range.
P15, P30, and P50 stand for the percentage of the estimated values within 
15%, 30%, and 50% of the measured values, respectively.

Fig. 2. Actual and predicted calcium requirements in 1-week post-
operation. (A) The comparison between actual and predicted calci-
um requirements. (B) Scatter plot of actual and predicted calcium 
requirements.
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tients with SHPT has been reported to range from 28% to 100% 
[18]. Therefore, postoperative hypocalcemia is a significant con-
cern for patients who have undergone PTX. Studies have shown 
that preoperative calcitriol treatment can reduce the need for in-
travenous calcium administration by 56% and decrease the du-
ration of hospital stay by 50% [19]. Another study found that 
preoperative calcium and calcitriol supplementation was linked 
to a lower incidence of HBS and length of stay [20]. However, 
none of these methods are currently recognized as standard prac-
tice for patients with PTX. The KDIGO guidelines recommend 
initiating immediate postoperative intravenous calcium infusion 
to maintain normal levels after PTX. Once patients can take oral 
medications, the guidelines suggest a daily intake of 1 or 2 g of 
CaCO3 thrice per day and 2 μg/day of calcitriol to maintain nor-
mal calcium levels. KDIGO recommends measuring serum cal-
cium levels every 4 to 6 hours for the first 48 to 72 hours, and 
then twice daily until stable calcium levels are observed [3,4]. 
Currently, postoperative calcium supplementation is still largely 
based on empirical calculations and frequent monitoring of se-
rum calcium levels. 

A few studies have attempted to model the prediction of total 
calcium requirements following PTX in patients with SHPT. One 
study from Korea proposed an equation to estimate calcium sup-
plementation during hospitalization, demonstrating a correlation 
between calcium requirement and preoperative levels of ALP, 
iPTH, and changes in phosphorus levels at 48 hours postopera-
tion [10]. However, this equation has not been validated. Anoth-
er study developed prediction equations for various factors, in-
cluding the average rate of decrease in postoperative serum cor-
rected calcium concentration prior to calcium supplementation, 
the duration of intravenous calcium supplementation, the dos-
age of intravenous calcium supplementation, and the dosage of 
oral calcium supplementation. However, these equations have 
also not been validated [11]. Another study identified preopera-
tive ALP and iPTH levels as predictors of calcium supplementa-
tion [12]. However, this model was designed solely to estimate 
intravenous calcium requirements during the initial 66 hours post-
operation, a period when patients’ serum calcium levels may still 
be unstable. It is important to note that there are differences in 
baseline characteristics of patients and the administration of cal-
cium requirements across these studies. Therefore, the present 
study was conducted to provide more precise treatment strate-
gies for patients with SHPT.

The proposed model in this study is as follows: calcium re-
quirement=33.798–8.929×immediate postoperative calcium+ 
0.190×CRP–0.125×age+0.002×iPTH+0.003×ALP. The pow-
er of these characteristics was less than 0.05 (Table 3). In this 
study, the total calcium requirement was found to be positively 
correlated with CRP, preoperative iPTH and ALP, but negatively 
correlated with postoperative serum calcium and age. The pre-
dicted total calcium requirement for 1 week after surgery was 
12.36±4.88 g, while the actual total calcium supplementation 

for 1 week after surgery was 12.60±6.50 g (P=0.895). The cor-
relation coefficient between the actual and predicted calcium re-
quirements was 0.8 (P<0.001), proving that this model provides 
accurate and valuable predictions.

Unlike previous studies that highlighted preoperative calcium 
as a risk factor [11,21], this study identified immediate postop-
erative calcium as a risk factor for postoperative hypocalcemia. 
At our center, we can typically determine immediate postopera-
tive serum calcium levels within an average of 2 hours. This al-
lows us to anticipate and plan for total calcium treatment in the 
7 days following PTX. 

Age has been identified as a risk factor for hypocalcemia in 
patients with primary hyperparathyroidism following PTX [22]. 
Studies have also shown a significant correlation between age 
and HBS in patients with uremia [23,24]. Our research found 
that younger patients required more calcium supplementation, 
suggesting that osteoblastic activity may be higher in this demo-
graphic. Consequently, the bone formation driven by osteoblasts 
post-PTX is more pronounced in younger patients, making hy-
pocalcemia more probable and increasing the demand for calci-
um after surgery.

CRP is a widely recognized marker of nonspecific inflamma-
tion. Research has consistently shown that CRP levels tend to 
rise in patients with CKD [25]. In this study, we found a correla-
tion between CRP levels and the calcium requirements of pa-
tients 1 week postoperation. This suggests that patients with in-
fections may have increased calcium needs. In patients with SHPT, 
the proliferation of parathyroid gland cells and the excessive se-
cretion of iPTH result in mineral and bone disorders. Following 
PTX, there is a rapid decrease in iPTH levels. This disrupts the 
balance of bone metabolism, leading to a rapid deposition of 
calcium into the bone [26]. These factors collectively contribute 
to hypocalcemia. Our findings align with the majority of previous 
studies, which reported that patients with higher iPTH levels are 
at an increased risk of hypocalcemia [27,28]. Numerous studies 
to date have reported an independent association between pre-
operative ALP levels and calcium requirements [29,30]. This is 
believed to be linked to increased osteoblast activity following 
PTX.

The predictor variables in this model can be readily obtained 
from clinical and biochemical data. The model was effectively 
applied to the validation group, indicating its potential to provide 
accurate and personalized calcium supplementation for patients 
post-PTX. Patients with estimated calcium supplementation above 
the mean (13.43 g) should have their serum calcium levels mon-
itored more frequently after surgery, as their calcium needs are 
higher. Conversely, if a patient’s estimated calcium supplementa-
tion is significantly below average, they may require less calcium 
supplementation in the initial treatment following surgery. This 
could successfully prevent hypercalcemia and the inhibitory ef-
fect on the survival of the parathyroid autograft. Therefore, un-
derstanding total calcium requirements post-PTX is crucial for 
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accurately supplementing calcium preparation and improving 
patient prognosis.

The present study also has some limitations. First, the results 
in this retrospective study may have been influenced by selection 
bias. Secondly, there was a lack of additional patients for exter-
nal validation since all the data were from a single center. Exter-
nal validation data could be used to validate this model. Further 
multicenter studies with larger sample sizes are needed to vali-
date and, if necessary, modify the predictive model developed 
herein.

In conclusion, we developed a new model to quantify postop-
erative calcium requirements, which could contribute to the eval-
uation of calcium balance and individualized therapy for hypo-
calcemia in patients after PTX. The model can be used to guide 
calcium supplementation treatment in future clinical practice.
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