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Abstract
Background Hypocalcemia is a common complication after total parathyroidectomy(t-ptx) in patients with
secondary hyperparathyroidism(SHPT), which endangers the lives of patients, but the amount of intravenous
calcium supplementation is very different in each patient.Therefore,We aimed to elop a predictive model of
intravenous calcium supplementation needs in patients with SHPT after t-ptx.

Methods Data for 550 SHPT patients treated in the Department of Hepatobiliary Surgery of the Northern Theater
General Hospital were collected from January 2015 - December 2021, with patient biochemical indices being
retrospectively evaluated.

Results Sex (t=-1.988, p=0.049), serum ferriti (SF) (t=2.155, p=0.033), alkaline phosphatase (AKP) (t=4.501,
p=0.000), free thyroxine (FT4) (t=-3.128, p=0.002) were identi�ed as risk factors associated with the need for
postoperative intravenous calcium supplementation. The developed predictve model (intravenous calcium
supplementation =1235.561-158.547*gender + 0.141*SF + 0.442*AKP - 494.055*FT4; male: 0, female: 1) was
effective and passed the F test (F = 22.034, P = 0.000).

Conclusions The developed model can be used to reliably predict the amount of intravenous calcium
supplementation required by SHPT patients following t-ptx, providing a clinical basis for an evidence-based
calcium supplementation scheme.

1. Introduction
Secondary hyperparathyroidism (SHPT) is a condition in which individuals present with elevated levels of
parathyroid hormone (PTH) secondary to other causes, with chronic kidney disease being the most common
cause of this condition. The long-term elevation of PTH can result in an imbalanced calcium: phosphorus ratio
and abnormal bone metabolism [1]. Total parathyroidectomy (t-ptx) is generally recognized as the most effective
treatment for this condition [2], but can result in potentially severe postoperative hypocalcemia that can be
di�cult to accurately predict and treat. As such, treating postoperative hypocalcemia is integral to the safe
treatment of SHPT patients. While researchers have developed increasingly robust models to predict the
incidence of postoperative hypocalcemia [3], no corresponding models have been designed to predict the
magnitude of postoperative intravenous calcium supplementation required by affected patients.

To address this gap in the literature and improve the quality of patient care, the present retrospective study was
conducted analyzing clinical data from 550 SHPT patients treated in the Department of Hepatobiliary Surgery of
the Northern Theater General Hospital from January 2015 - December 2021. The goal of these studies was to
develop and validate a model capable of predicting the level of calcium supplementation required to treat
hypocalcemia following t-ptx in SHPT patients in order to ensure that patients can maintain appropriate blood
calcium levels following discharge via oral calcium supplementation, thereby improving their overall prognosis
and quality of life.

2. Methods

2.1 Research Subjects
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Those SHPT patients meeting the indications for surgery were recruited from the Hepatobiliary Surgery
Department of the Northern Theater General Hospital from January 2015 – December 2021. Surgical indications
were based upon expert consensus regarding surgical clinical practice of hyperparathyroidism secondary to
chronic renal failure [4]: (1) patients with clear clinical manifestations for whom drug treatment has proven
ineffective; (2) patients with hypercalcemia and hyperphosphatemia that do not effectively respond to treatment;
(3) patients with persistent PTH levels above 800 pg/mL; and (4) patients with ultrasonographic �ndings
revealing a minimum of one hyperplastic paraglandular gland > 1 cm in diameter or radionuclide scans revealing
a high-density microcosm. Surgical treatment was recommended for patients that may any of the four criteria
outlined above.

2.2 Inclusion and Exclusion Criteria
Patients eligible for inclusion were: (1) SHPT patients that needed to undergo t-ptx; (2) patients for whom
complete clinical case data were available; and (3) patients ≥ 18 years old.

Patients were excluded from this study if: (1) they did not undergo surgery for any reason; (2) required data were
not available; (3) they did not undergo further treatment after surgery for any reason and were discharged prior to
treatment; or (4) they presented with other diseases impacting serum calcium levels, phosphorus levels, or other
biochemical indices.

2.3 Research Methods
Patient age, gender, years of dialysis, years of SHPT, years of bone pain, bone pain scores, hematological
�ndings, liver function, kidney function, thyroid function, postoperative intravenous calcium supplementation, and
other relevant indicators were recorded. Hypocalcemia was de�ned as a postoperative blood calcium level < 2
mmol/L, as per the quality of prognosis of kidney disease (K / DOQI) guidelines [5].

2.4 Statistical Analysis
SPSS 21.0 was used for all statistical analyses. Initially, the Kolmogorov-Smirnov test was used to assess
whether data conformed to a normal distribution. Normally and non-normally distributed continuous data were
then presented as x ± s and median M (P25, P75), respectively The relationships between the amount of
intravenous calcium supplementation and other variables were assessed through Pearson correlation analyses,
with those variables exhibiting signi�cance (P < 0.05) in these initial analyses being incorporated into a multiple
linear regression analyses to identify variables independently associated with the amount of intravenous calcium
supplementation (dependent variable). A predictive model was further established based on the results of this
analysis, the homogeneity of the determination coe�cient (R2), and variance.

3. Results

3.1 General Patient Findings
In total, 228 males and 262 females (52.4% and 47.6%) were included in this study cohort. For a summary of key
demographic and clinical variables pertaining to these patients, including intravenous calcium supplementation,
age, years of hyperparathyroidism, years of bone pain, preoperative bone pain scores, key preoperative clinical
variables (red blood cell count, hemoglobin [Hgb], blood β2 microglobulin, SF, PTH, 25 hydroxyvitamin D, alanine
aminotransferase, AKP, albumin, creatinine, phosphocreatine kinase, phosphocreatine kinase isoenzyme [CKMB],
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glucose quanti�cation, CA, phosphorus, free triiodothyronine [FT3], FT4, and thyroid-stimulating hormone), and
intraoperative PTH levels, see Table 1.

Table 1
General SHPT patient clinical and demographic characteristics

Variable Minimum Maximum x ± s/M(P25, P75)

Age (years) 20.00 75.00 48.15 ± 11.67

Dialysis years (years) 1.50 20.00 8.83 ± 3.59

Years of hyperparathyroidism (years) 0.00 9.00 2.57 ± 1.34

Years of bone pain (years) 0.00 14.00 1.74 ± 0.97

Bone pain score (score) 0.00 10.00 4.85 ± 2.73

Red blood cell count (* 1012 / L) 1.93 5.74 3.66 ± 0.65

HGB (g/L) 53.00 152.00 108.79 ± 18.02

blood β2 microglobulin (mg / L) 1.44 40.00 30.29 ± 7.69

SF (ng/ml) 8.53 3000.00 138.00 (39.92,356.05)

PTH (pg/ml) 189.00 3474.00 1718.62 ± 515.51

25 hydroxyvitamin D (ng / ml) 4.00 1592.00 15.22 ± 7.47

Alanine aminotransferase (U / L) 1.73 164.24 8.92 (6.65, 13.54)

AKP (U/L) 54.95 2921.71 231.56 (140.34,395.40)

Albumin (g / L) 27.60 48.90 38.43 ± 3.84

Creatinine (umol / L) 50.35 1806.70 903.24 ± 287.83

Phosphocreatine kinase (U / L) 10.00 522.00 46 (31,72)

CKMB (U/L) 1.70 30.00 12.07 ± 5.09

Glucose quanti�cation (mmol / L) 3.55 10.53 4.79 ± 0.85

CA (mmol/L) 1.51 4.92 2.46 ± 0.27

Phosphorus (mmol / L) 0.67 4.07 2.36 ± 0.60

FT3 (pg/ml) 1.38 11.25 2.70 ± 0.81

FT4 (ng/dl) 0.38 1.81 0.98 ± 0.25

Thyroid stimulating hormone (mIU / L) 0.03 10.70 1.48 (1.07, 2.42)

Intraoperative PTH (PG / ml) 4.82 1900 244 (158.5, 406)

Intravenous calcium supplementation (ML) 0.00 3600.00 300.00 (0.00, 697.50)

3.2 Single-Factor Analysis Results
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SF, PTH, AKP, CKMB, FT3, and intraoperative PTH were all found to be signi�cantly positively correlated with the
amount of intravenous calcium supplementation, while gender, age, HGB, CA, and FT4 were signi�cantly
negatively correlated with the amount of intravenous calcium supplementation. For further details, see Table 2.

Table 2
Single-factor analysis results

Variable r

Gender -0.155*

Age -0.238***

HGB -0.170*

SF 0.143*

PTH 0.316***

AKP 0.514***

CKMB 0.192**

CA -0.181**

FT3 0.151*

FT4 -0.328***

Intraoperative PTH 0.135*

*P < 0.05, **P < 0.01, ***P < 0.00

3.3. Multivariate Analysis Results
Next, gender, age, HGB, SF, PTH, AKP, CKMB, CA, FT3, FT4, and intraoperative PTH levels were selected as
independent variables while the amount of intravenous calcium supplementation was selected as a dependent
variable for multiple stepwise regression analysis. The resultant predictive model incorporated gender (male: 0,
female: 1), SF, AKP, and FT4, and had the formula shown below:

Intravenous calcium supplementation = 1235.561-158.547 * gender + 0.141 * SF + 0.442 * akp-494.055 * FT4

This model revealed that both gender and FT4 levels negatively impact the amount of intravenous calcium
administered, whereas SF and AKP levels positively impact the amount of intravenous calcium administered. The
R2 value for this model was 0.410, indicating that these four variables can explain 41.0% of the variation in the
amount of intravenous calcium supplementation. Importantly, this model passed the F test, thus demonstrating it
to be effective (F = 22.034, P = 0.000). A multi-collinearity test for this model further indicated that all Vif values in
this model were less than 5, thus indicating the absence of any collinearity issues. In addition, the D-W value was
close to 2, consistent with an absence of any autocorrelation or correlation among sample data, further
supporting the integrity of the constructed model. For further details, see Table 3.
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Table 3
Multiple stepwise regression analysis results

  Non-standardized
Coe�cients

Standardized
Coe�cients

t P VIF R2 AdjustR2 F

  B Standard
error

Beta

variable 1235.561 540.868   2.284     0.410 0.366 22.034

Gender -158.547 79.765 -0.132 -1.988 0.049 1.029

SF 0.141 0.065 0.135 2.155 0.033 1.022

AKP 0.442 0.098 0.327 4.501 0.000 1.315

FT4 -494.055 157.964 -0.209 -3.128 0.002 1.114

Dependent variable: intravenous calcium supplementation Units

4. Discussion

4.1 Hypocalcemia and Intravenous Calcium Supplementation
after t-ptx in SHPT Patients
Hypocalcemia is a common complication that can develop within 24–48 h after t-ptx, resulting in clinical
symptoms including numbness and convulsions of the hands and feet, arrhythmia, epilepsy, a positive cheek
reaction, severe asphyxia, and even cardiac arrest [6]. However, only 29.82% of affected patients exhibit clinical
symptoms. The primary causes of hypocalcemia following t-ptx include a sudden drop in PTH levels following
parathyroidectomy, resulting in the transfer of large quantities of calcium ions from the blood into the bone and a
concomitant rapid drop in serum calcium concentrations [7]. In the present study, hypocalcemia developed in
72.7% of patients, consistent with the 29–80% incidence rate reported previously [8]. However, there are no uni�ed
standards available to treat postoperative hypocalcemia in SHPT patients at present. Based upon several years
of clinical experience, our department generally treats this condition through calcium supplementation via the
intravenous infusion of 100 ml normal saline + 100 ml 10% calcium gluconate at a �ow rate of 20–50 mL/h. This
infusion is performed once, twice, or thrice daily when the blood calcium level is 1.8–2.0 mmol/L, 1.6–1.8
mmol/L, and < 1.6 mmol/L, respectively. Such intravenous calcium supplementation was terminated when the
blood calcium level was > 2.0 mmol/L on the mornings of two consecutive days and the patients did not exhibit
any symptoms of perceived hypocalcemia [9]. The total amount of intravenous calcium supplementation in the
present study was 0-3600 mL, in line with previous reports of high levels of intravenous calcium supplementation
during hospitalization (0-2800 mL), with an average supplementation volume of 557.86 ± 376.20 mL [10].
Differences among studies may be attributable to differences in sample size, operative approach, preoperative
dialysis, or patient management. Our department conducted postoperative follow-up assessments for patients
and found that 82.47% were able to maintain appropriate blood calcium levels by taking oral calcium tablets
containing vitamin D3, while 5 patients required high concentration intravenous calcium supplementation. These
�ndings highlight the clinical signi�cance of operative approach selection and intravenous calcium
supplementation.
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4.2 Construction of a model to predict the volume of intravenous calcium supplementation in SHPT patients
following t-ptx

An extensive literature search revealed that several models to predict postoperative hypocalcemia following t-ptx
have been developed to date [6], yet no corresponding predictive tools are available to estimate the amount of
postoperative intravenous calcium supplementation required by these patients [11]. In this study, the �nal
predictive model incorporated independent variables including gender, SF, AKP, and FT4 that were associated with
the need for postoperative intravenous calcium supplementation, in contrast to variables included in other studies
such as age, hemoglobin, CA, AKP, and PTH [12].

The developed model revealed a negative relationship between gender and the amount of intravenous calcium
supplementation such that the amount of intravenous calcium administered to men was, on average, higher than
that administered to women. This may be attributable to the higher number of men in this study relative to
women, and to the fact that the average population age was 48 years. At this age, the rate of osteoporosis among
women is roughly twice that among men, and the lower levels of postoperative blood calcium in women may
suggest that men require higher levels of blood calcium to maintain su�cient calcium levels within the bone.
However, this will need to be tested in future studies.

The developed model further indicated that ferritin levels had a positive impact on the amount of intravenous
calcium supplementation, with higher SF levels corresponding to higher amounts of postoperative calcium
administration. SF is the primary iron storage mechanism in the body and thus the main index used to evaluate
iron de�ciency or overload. It can also be used to evaluate malnutrition, calcium/phosphorus metabolism
disorders, and the presence of micro-in�ammatory states [13]. In prior research, elevated SF levels have frequently
been observed in dialysis patients and independently associated with mortality in this patient population, and a
high SF environment can impact phosphorus excretion and utilization. Higher levels of phosphorus in the blood
can, in turn, inhibit calcitriol formation and lower blood calcium levels [14]. Lien et al. [15] reported that increases
in iron ion concentrations were associated with reductions in calcium ion levels within osteoblasts. As iron ions
are closely tied to the metabolism of calcium ions, it can thus impact bone metabolism. Kim et al. [16] determined
that when SF levels are appropriately controlled, this can alleviate bone metabolism and microin�ammation
related to iron de�ciency, thus improving patient outcomes. This evidence all supports the incorporation of SF
levels in our postoperative intravenous calcium supplementation model.

In the developed model, AKP was found to positively impact the amount of postoperative intravenous calcium
supplementation in this patient population, in line with prior results [17]. Serum AKP is primarily secreted by the
liver and by osteoblasts, and functions as a key enzyme that promotes bone matrix mineralization. KDIGO
guidelines recommend the use of AKP levels as a metric to gauge the severity of bone mineral metabolic
abnormalities in chronic kidney disease patients [18]. Ge et al. [19] found AKP to be associated with osteoblast
activity and to re�ect the severity of postoperative hungry bone syndrome. Yang et al. [20] further determined that
AKP can re�ect bone reconstructive activity, serving as a valuable index to guide postoperative calcium
supplement dosing. Tsai et al. [21] analyzed 62 patients that had undergone t-ptx and determined that higher AKP
values were associated with a greater risk of postoperative hypocalcemia, more serious symptoms, and the need
for a larger supplemental calcium dose.

The regression coe�cient in the developed model indicates that GT4 levels negatively impact the amount of
postoperative intravenous calcium supplementation. Laowalert et al. [22] previously demonstrated that FT4 can
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impact bone metabolism, altering the absorption and formation of bone tissue. Liangos et al. [23] found that
patients suffering from chronic renal failure often exhibit normal or reduced FT4 levels owing to impaired
pituitary thyroid functionality. As renal function deteriorates, pronounced FT4 abnormalities can develop.
Abnormal FT4 metabolism can also be associated with high PTH levels and hypogonadism, with high PTH
inhibiting the production of T3 from T4. As such, we can infer that FT4 may impact bone and calcium
metabolism to some degree. However, research on this topic is limited, and further research will thus be critical to
test this hypothesis, with the present large-scale study serving as a valuable foundation for future studies.

5. Conclusions
In summary, the present study successfully established a predictive model capable of estimating the amount of
postoperative intravenous calcium supplementation required for SHPT patients undergoing t-ptx. The prospective
assessment of this parameter using this model has the potential to guide clinical decision-making pertaining to
the route of postoperative calcium supplement (subclavian vein, central vein catheterization, external jugular vein,
etc.) and any other preoperative or postoperative interventions which may be appropriate. Overall, these �ndings
thus provide a robust theoretical foundation for the development of a standardized calcium supplementation
strategy that can reduce the incidence of complications and improve patient outcomes.
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